STR RE Oia 6ilidde 
Cente eon Shyam int 
sei bol aR eet ios 


ane 
aie ah sate et 


et ater ee 
MRF eth e 


a» . 
= oer é 8 
ee > 
C- eS SY 4 
Oe 
te f %, ge 
v ~ 
. te ~ 
yy %, 
oe 
hy - My 


a ay 
. ee 2 , 3 
%, t,o 
ar, C¢ 
o %, 
S % ye | 
ty ¢ 
ae a 
2, 
© 
oi 
s on 


ie Se | 
= ey \ 
g® & 
& % 


ry 
o 
j* x 
gr 
F ede 2 
> % * 


(2 Sy lg 9a a GY ee ae ae eS ee Re , R = é , AO 
"% y 4 ¥ “t 4 . 
b- s 
» sad 2 a ef % : ri 3° ey ¥ S . | 
2, aS Vo. 
) a % ee, % et, om ot c 
- “ey & *. * aes. & > » Ke of ™, a % | 
s % £ » ~~ 2 es ~ - a Yes 
ey %P %, iP % a ee 
O<z SS 2 OY S 4 oe % eo a ety 
y > ee gi. & %, R, "ae ae ty, 
% SS % "Y a. ©. Pa lf & & : l 
lp 


v 

G . . x \ j ‘4 ai} 

ty Cs %, Ly ¢ % y $ 

YS Nea SF a eS 
ge, ry, gre, Sr Re 


Uy. 


+ ad ~~. . Rr % 
wy s y % s Yep AS 
~~. © + by a) Y 
: % ae w % 
oa Ve Ye cs 
‘ ¥ C<, 
oS” 4 o <4 Cy 4 (Z 9 & 
a % ee ” aa * 
“, RY : ae ! 


- 4 ye % a t ye ‘3 
oa | ¢ se | 
Se %, a % ¥ 
Vo 
ye % PG, SP es Ri 
j % Me a ae 8 wy 
by SF Yn ee you 
oy & oy, & 

%y, q rol ee As %, q ra ee y > , 
t e % %s, e % 
‘ty, s “hy ~ ‘ey, %, a 

a eS Fong % $ ao 

Read io Ps a rons , Food cs 
ous Fe uy ,.. % § 
s kee a 7 / 5 ee 
ow ef tine ee 
Ss %. o% gg % 9%, 
‘% ca % nd ee os %, 3 % 
) % ee > er -e, 
S y $ 
oN & 4 ee ares s 


ae 
Wt arte 
ata 


— 


— 
Si: 


Poet suet iat, 
‘ PLEO AAA 
seabed nTncnss senvissetyiNn rine Sos ton 


% . ¢ > e% 


eS: Sh ; 4 5 Bx / OR: “3 Naame ae a 
HOH ion tis ea EEE LE OE SO 
4 : ‘ PEA LTI TA GUY, t 
, 


oe : 
YAP EAT A eas OHA VAT cca cnnnod es anata TOT EAE HOLME 
a ae ae , 


ie 


vig c 


ts 
ah 


he WATAX 6 
P,. malaria 8 

P. faleiparun , 

Differential chart and 


‘ doubtful species 10 
Mosquito dissection 11-14 
oe Coccidia / 14-16 
© Chanter 3. Rhozopoda(amoeba)17~23 
E. histolytica 17-20 

E. coli 20 

E. gingivalis 20 

D. nana : el 

I. buetschlii A Be 

D. fragilis ee 

Differential charts RO 

Chapter 4. Mastigophora and © 

Yon CLliata. 24-37 


_ Mastigophora (flagellates) 


CC. mesnili 25 
T. hominis 26 
Gy Lamblia 27 
E. intestinalis 28 
T. intestinalis 29 
Coprozoic . 29 


L. donovani 3132 

L. tropica 35 

T. gambiense & rhodesiense 54 

TT. cruz 34~35 

-T. lewisi 35 

Differential charts of 
trypanosomes 55 
 Ciliata (ciliates) 


Hbe COLd 56-57 


hapter 5, Laboratory methods 


used in study of Protozoa, 
_ Protozoa infecting blood & tissuc 


1. collecting of specimen 38 
2. unstained wet mounts 38 


3. thin smear 39 

4. thick smear 39 
- Stains and staining 39—44 

Wright's stain : 40 

Giemsa stain > 40 


Culture and Miscellaneous 44-48 
Protozoa infecting mucous 

surfaces 

1. Collection of specimen 46-51 

_ &. Fixation and staining 52-59 

3, Culturing 59-63 

4 hods of study 65-66 


Rare species infesting 


man 
Nematodes (roundworms) 


T. spiralis 


mucous surface flagellatcs 25~29 


3. Trematodes (flukes) 
~S. mansoni 
Blood and tissue flagellates 30-35 


ae Laboratory methods used 
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thereby be confused with the truly infectious protozoa. 


protozoa may be of almost any conceivable shape, and the exact form of the 


pirat Aye} 


CAPT. WILLIAM S. STONE, ‘N.C. 
‘CHAPTER I 
INTRODUCTION 


DEFINITION OF MEDICAL PROTOZOOLOGY 


Medical Protozoology is the science which deals with those members of 
the phylum Protozoa that infect man, plus those additional members which may 
accidentally contaminate the body surfaces, secretions or excretions and may 


THE. PROTOZOA 


The Protozoa are unicellular animals, capable within the limits of th : 
cell of carrying out all the functions HeneHeAny for their independent ex-— 
istence and propagation, 


I. THE PROTOZOAN CELL 


The protozoa are usually microscopic in size and in a given species 
may vary considerably in this respect, depending upon the suitability of 
their nutritional environment and upon the stage of their life cycle. The 


body may be regarded as an adaptation to their mode of life and environment. 
Their structure varies greatly, but in general, it is made up of a cytoplas—_ 
mic body and one or more nuclei. 


1. CYTOPLASM 


, The cytoplasm is usually well differentiated into a denser, clear, 
outer layer, the sla tae and a more fluid, granular, inner layer, the 
endoplasm. 


a. Ectoplasm 
‘The ectoplasm is primarily protective in function and is some 
times very tough and resistant. It may even develop special organ:..les of 
defense, i.e., the trichocysts of Paramecia. Certain protozoa have the 
ability, under adverse environmental conditions, of secreting a very resis 
tant chitinoas—like cyst wall. This cyst wall forms a covering for the re-— 
sistant stage of the individual and is in direct contact with the ectoplasm. 
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It is capable of preventing dessication and preserves the life of the organ- | 
ism until conditions are favorable for the resumption of a vegetative exise — 
tence. Movement, likewise, is a function of the ectoplasm, and in this con— — 
nection, S apecialized organelles of, locomotion may be formed, ¢.ge, pseudo~ 
podia in the amoeba, flagella in trypanosomes, and cilia in Balantidium coli, 
The capture and ingestion of food is also a function of the ectoplasm. This 
is accomplished by use of its organelles of locomotion to bring it in contact — 
with its food. It may directly engulf the solid particles at any point on 
its body surface, as do amoebae, or ingest the particles through special 
openings (cytostomes) in its surface, as do Balantidium coli. In addition, 
certain protozoa ingest their food wholly or in part by direct osmosis a 
through the ectoplasm, e.g., malarial plasmodia and trypanosomes. Excretion 
is also a function of the ectoplasm. This activity is accomplished by spec— 
“ohn organelles, i.e., contractile vacuolos, cytopyges or anal pores, in some — 

nstances, while in others waste material is directly extruded from any poli 
in the ectodermal surface, 


Ph 
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b. Endoplasm :, 


The endoplasm carries out the process of digestion and as— 
similation of the food materials after they have been taken into the cell 
body. Digestion of solid particles is carried out by the endoplasm forming 
a digestive vacuole about the ingested particle, The endoplasm then secretes | 
a digestive ferment into the vacuole, which breaks the solid material dow : 
into simple products that can be assimilated and used in the anabolism of the | 
cell. In the vegetative organism the endoplasm acts as a circulatory system 
and is constantly flowing in a more or less circuitous manner. In certain 
protozoa special supportive structures are formed by the endoplasm, i.e., 
axostyles in Giardia lamblia. 


re NUCLEUS 


The nucleus is usually round or oval in shape when viewed from one id 
plane, but it is actually spherical, elliptical or disc—like in conformation, 
In size, it is usually 1/10 to 1/6 the diameter of the cell. It is usually ~ 
fixed in its position within the cell, but in the more primitive forms, it 
may move with the endoplasmic currents. The nucleus is the center of life in| 
the cell, since when it is injured or destroyed, the cell dies, It is re- . 
sponsible for reproduction, controls growth and reactions to anvironhant: : 
and contains the hereditary determinative factors that perpetuate a given | 
species upon reproduction. The structure and relationship of the component 


parts of the protozoan nucleus afford the most valuable means of Separating 
and distinguishing closely related species. Therefore, it is of greatest 
importance to pay close attention to preserving and observing the nuclear 
structural details. The protozoan nucleus is made up of a clear, achromatic ‘ 
nuclear membrane filled with a semitranslucent nuclear sap, Within the 
nuclear sap is distributed an intricate, delicate network of linin ‘ilaments 
Chromatin, a dense, dark staining material, containing the factors of the 4 
cell regulating heredity, growth and reproduction is distributed in granules © 
upon the nodal points of the linin network and upon the inner surface of the 
nuclear membrane. The arrangement and size of these chromatin granules with—- 
in the nucleus is typical for cach individual species. Situated in or near 
the center of the nucleus is a larger dense staining granule known as the 


—2— i i 


When igi. the majority of Protozoa, in some modified fuchdoee 
_ other, undergo mitotic division of the nucleus. However, every possible 
graduation exists between simple direct division or amitosis (fission) ¢ \ 
& mitosis, as seen in the metazoa. 


THE METAZOA 


In contrast to the protozoa, the metazoa are multicellular animais, the 
a. ae which are ee eae each a ee cs baie ae ise 


x 


fet tazoan Divine, Thee cells theh eye vacuoles soot ie ingested, ee 

ful body and attempt to destroy or neutralize it by sccreting des truetive * 
rments into the vacuole. The cytoplasm possesses a definite idiosome or 
phere. The centrosome is usually extra nuclear. a 


2. THE NUCLEUS 


ma © The nucleus possesses. one or more nucleoli, which have a structure 

ocation similar to that of the karyosome in the protozoan nucleus, but th 

ucleoli are composed of plastin only. The karyosome of the metazoan nu- — 
us is composed of a tow is arg granules only, and is located upoh a 


In the metazoa, cell division is always preceded by mitotic division 
the nucleus, — 


‘The general structures of the Metazoan and Protozoan ‘cells are ilas- 
Ria in Figure 39, | 
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Phylum ee epg Protozoa 
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Subphylum Plasmodroma Ciliophora 


Sporozoa Ciliata 
Rhizopoda 
Mastigophora 


i i 


I. SUBPHYLUM PLASMCDROMA 


This includes the most important organisms which infect man and other 
animals. This group is distinguished by the fact that syngamy is performed b 
complete fusion of the male and female gametes, a process known as copulati 
In this subphylum there are only 3 classes of medical importance. They are: 


1. SPOROZOS. 


In this class are found the most important protozoan parasites of man 
SAPs 5 malaria. The formation of sporozoites occurs after the sexual process — 


bor syngamy, e.g., in malaria it occurs in the stomach of the female anopheli eS) 


“Mosquito, after which the bite of the mosquito is infective for man. 
&e RHIZOPODA 


This class is also knowm as the Sarcodins. They are amoeboid, and © 
- movement is produced by means of pseudopodis. 


3. MASTIGOPHORA 


The organisms included in this class move and feed by the aid of a 
specially developed ectoplasmic purus tures a flagellum, the number of which 
varies according to the species of flagellates in question. 


II. SUBPHYLUM CILIOPHORA 


! The characteristic feature of this group is the possession of specia 
ectoplasmic structures called cilia. Syngamy is accomplished in this group 
juxtaposition of the gametes, followed by exchange of nuclear chromatin. Th 
process is called "conjugation" to distinguish it from the process of copu- 
lation in the Plasmodroma, 


1. CILIATA 
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‘THE SPOROZOA INFECTING MAN. 
CLASSIFICATION OF THE SPOROZOA. 
CLASS: SPOROZOA. 


Order Suborder Genus : ~ Species 

Loe P. vivax 

faemospor— P, faicinarum 

idiidea Plasmodium | P. malariae 

i Plasmodium in ney 1 
birds, etc. : 

In hominis (I. belli)- 
Isospora . man i 


BE. gubleri (5a ra Bis 
E. perforans) Be 
E, stiedac ) Ran 3 
E. clupearum) .._.° 
| E. sardinae as 


All of the known sporozoan parasites of man are included in the above © 
Pubheriated classification. The organisms of this group are characterized 
by: (1) The asexual cycle takes place by a process known as schizogony, 
which is usually intracellular, i.e., malaria in the red blood cells, coccid—_ 
sis in the epithelial cells of the intestinal mucosa. (2) Male or micro-_ 
metocytes and female or macrogametocytes are formed in the sexual cycle, _ 
rior to actual sexual wmion, the female gametocyte becomes a female gamete 
by extrusion of polar bodies (chromatin), the male gametocyte produces a 
number of male gametes.. There is complete fusion of the male and female 


THE GENUS PLASMODIUM (MALARTA) 
. confined es to tne red bibod ae whereas sporogony ig: 5 Coane oe 


the insect vector. In the case of human malaria, man is the intermediate 
st and the anopheline female eg eA is the catia ye host. 


nediate host is the one in which ante the penal ee one the Soveloonene 
- gametocytes are found. Figure 40 shows the life cycle ie the malar 1 
rasite in man and in the mosquito. 


The malarial parasites of man are: . i. 


I. PLASMODIUM VIVAX (GRASSI AND FELETTI, 1890). 


This is the organism of tertian or benign tertian malaria, the most 
common malarial fever of man. This parasite is distributed geographically 
over the tropical and subtropical areas, and over certain portions of the 
temperate zone during the warm months. P. vivax is the hardiést of the mal- 
arial parasites and in infected localities in the temperate zone it predom— 
inates in the spring and early summer, 


1. LIFE CYCLE IN MAN 


a. SCHIZOGONY. 


The sporozoites are injected into the blood stream by the 
infected female anopheline mosquito, where they rapidly parasitize red blood 
cells, round up, and assume the typical signet ring form. These ring forms 
are about 1/3 to 1/4 the diameter of the infected red cell and when stained 
by Wright's or Giemsa's method, the chromatin stains red and the cytoplasm 
blue, In about six hours, the parasite increases in size by one-third and 
shows marked amoeboid movement within the infected cell. . The infected red 
cell has now enlarged wntil its diameter is from lO to 1leM and its color is 
paler than the uninfected red cells, If the infected red cells are properly 
stained, fine pink dots or stippling (Schuffner's dots) are usually present 
in the cytoplasm, and minute granules of light brown pigment are seen near 
the chromatin of the parasite. The growth of the parasite is fairly rapid 
and by the end of thirty-six hours it fills two-thirds of the enlarged, stip— 
pled, parasitized red cell. After about forty hours, the parasite fills the 
cell and its chromatin usually divides into le to 16 segments, Small ycllow— 
ish brown granules of pigment are now scattered throughout the body of the 
parasite. The pigment then clumps toward the centcr of the parasite whose 
cytoplasm then divides into equal sections, one about each segment of the 
chromatin. The small bodies resulting from the division of the mature schi- 
zont are called "merozoites." At the end of forty—cight hours the merozoites 
rupture the red cell mombrane, (at which time the patient's rigor begins), 
and then each liberated merozoite secks out and parasitizes a new red blood 
céll, to repeat the cycle. The above description depicts the asexual life 
cycle of P. vivax which, following the time relationship with the rigor, can 
be demonstrated in the blood stream. At any given time, however, practically 
all of the stages in the life cycle can be demonstrated in the blood stream, 
although one stage always predominates. The probable reason for this is that 
infections in man are due to more than one bite by infected mosquitoes, or 
that in a given single bite, some of the sporozoites instead of being inocu- 
lated intravenously are inoculated subcutancously, thus delaying the start 
of their life cycle. 


The gametocytes or sexual forms develop from certain undif- 


ferentiated merozoites. ‘The stimulus for their formation is unknown, but it 
is probably a response to developing immunity on the part of the host. Four 
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days are required for the development of the ring forms into mature gameto— 
cytes, However, the gametocytes must be from seven to ten days old before 
they are infectious for the mosquito. When fully grown the gametocytes are 
rounded in form and have a fairly homogeneous cytoplasm, They appear in the 
peripheral blood stream within about seven days after the initial fever, 
Their life in the blood stream is about ten to twenty days, They are prob- 
ably incapable of reproducing themselves or of initiating the asexual cycle 
in man without first undergoing sporogony in the anopheline female mosquito. 


(1) The male gametocyte (microgametocyte) is 7 M to 8 i 
in diameter and occupies an enlarged red cell without completely filling it. 
Schuffner's dots may be present in the margin of the red cell. Th. cyto- ‘ 
plasm of the parasite stains faint blue-grey and contains numerous granules 
of brown pigment. The chromatin stains red and is scattered over a fairly 
wide area, sometimes in the shape of a band, near the center or edge of the 
parasite. 


(2) The female gametocyte (macrogametocyte) is larger, 
8 M to 10 M, fills the parasitized cell more completely and its cytoplasm 
stains a darker blue than the male gametocyte. The chromatin of the female 
gametocyte is in one compact clump, usyally near the edge of the parasite, 
and the pigment is in coarse brown compact granules, There are usually 
from 3 to 6 female gametocytes for every male gametoayte in the peripheral 
blood. 


®&» SPOROGONY IN THE FEMALE ANOPHELINE MOSQUITO 


The gametocytes are drawn into the mosquito's stomach along with 
its blood feed, Within twenty minutes, the male gametocyte develops eight 
to ten cytoplasmic processes, which soon exhibit violently lashing flagel-— 
lated ends. These cytoplasmic processes soon separate from the original 
cell body and are then called "microgametes."' While this process has been 
going on in the male gametocyte, the female gametocyte extrudes two polar 
bodies containing one-half of its chromatin. It is now ready for fertiliza-— 
tion and is called a "macrogamete," The microganete penetrates the cell wall 
of the macrogamete, the chromatin of each fuscs and the parasite now becomes 
a motile zygote or ookinete., The ookinete now penetrates the wall of the 
mosquito's stomach, rounds up, becomes immotile, and is then ealled an 
“oocyst,” The chromatin of the oocyst undergoes multiple divisions, until 
there may be as many as 10,000 separate granules, which are grouped together 
in small clumps. The oocyst now contains from ten to twenty groups of these 
chromatin granules and is now known as a "sporoblast."" Each chromatin 
granule now develops a fusiform cytoplasmic process and becomes a sporozoite. 
The sac containing the sporozoites is now called a "sporocyst." The sporo- 
cyst ruptures, liberating the motile sporozoites, which soon gain access to 
the mosquito's salivary glands, Then, if the opportunity presents itself, 
the mosquito is ready to infect a new individual, Sporogony in the female 
anopheline mosquito requires about seven to twelve days for its completion, — 
if the temperature is about 20°C, and the air is about 70% saturated with 
moisture, The life cycle of P, vivax in man showing its relation to the tem- 
perature curve of the host is given in Figure 41. 


any 


The - ELASMODIM MALARTAR (avira, teen) 


This ‘pera gite’ causes duantan riebaetal fever and it. is the Bi 
of the three spegies in man. ‘Except for infected transients, it is probably © 
confined to the tropical or subtropical portions of the world. In sub- e 
tropical regions, the greatest number of new cases of this infection occurs ~ 
during the fall months. The symptons of this infection are much more severe — 
-.than would be expected from the number of the parasites infecting the red a 
cells in any given caso. In any given infection, all stages are usually 
present in thé blood stream at one time, although one stage always ‘predom— 
PAOTECB 6 27%: 4 


1. LIFE CYCLE IN MAN. 


a. SCHIZOGONY 


Schizogony in Plasmodium malariae is similar to that of P. ~ 
vivax with the following exceptions: P. malariae requires 72 hours to com — 
plete its asexual cycle. During the first 6 hours of its growth it has the 
largest ring forms of all the types of malaria, and when it is 24 to 48 hours 
old, it develops typical band forms, Its segmenting forms only develop from ~ 
8 to le merozoites. The infected red cells are not enlarged and Schuffner's © 
dots are not present. The pigment present is coarse and stains dark brom 
to black. | J 


b. GAMETOGONY. 


Gametogony in Plasmodium malariae is similar to that in P.@ 
vivax, except that the organisms are smaller and the red cells are not en—~ 
larged, and do not contain Schuffner's dots. The time required for its 
gametocytes to develop is approximately seven days. 


2, SPOROGONY ene ; 


The life cycle in the female anopheline mosquito is the same as | 
for P. vivax, except that it takes about three times as long to complete a 
the cycle. The life cycle of P. malariae in relation to the temperature . 
curve of -the host is shown in Figure 4e, 
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- Plasmodium malariae, but it is second only to P. vivax in the frequency of 


and requires prompt early. diagnosis and treatment. 


(5) Developing schizonts and gametocytes are usually found only in the cap 
ti lary bicalane, (6) Segmenting forns of P. falciparun develop 16 to 32 


Pieine eepi ch. a palace Maine er's dots" or ent stippling are 


| they are greater in length than the diameter of the red cells which they ha 


leus with diffuse chromatin. The pigment present is in coarse grains and — 
stains browvmish-black. It is scattered between the grains of chromatin. © 
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nucleus is made up of a compact mass of chromatin and pigment. 


rtian ig saat malaria. Its Getribution is aides ‘to that an 


its occurrence. It is the most severe of all the nalarial fevers of man 


1. LIFE CYCLE IN MAN. 
a. SCHIZOGONY 


Schizogony is similar to that of P. vivax with the follow 
ing exceptions: (1) The ring forms are smaller when they first parasitize 
a red blood cell. (2) There are more apt to bé multiple infections of the 
red cells and ring forms may show two dots of chromatin. (3) The ring 
stage may persist for about 24 hours in the peripherial circulation during 
which time it doubles or triples its size. (4) Ring forms and mture gan— 
etocytes Lphencees) ordinarily are the only forms found in the pe -ipheral © 
blood. In severe, overwhelming infections by this parasite bizarre fila— 
mentous and other feta may occasionally be present in the peripheral blood. 


jillaries of the internal organs. ‘These organisms have a narked tendency to 
clump together and stick to the endcthelial cells, thus brinyving about cap- 


oie (7) The Seganaan es red blood _ cel Lis pase ae enlarged. ae 


present. 

b. GAMETOGONY cand 
The gametocytes are crescent-shaped with rounded ends ‘anid: 
parasitized. The male caneidavts stains bluish-sray and has a central nuc— 
The tips of the male crescent are usually more rounded than those of the 
female crescent. ‘The female gametocyte (crescent) stains sky~blue and its 
Qe SPOROGONY 

The life cycle of P. falciperum in the female anopheline mosquit 
is essentially the same as that of P. vivax, except that 1/5 to 1/2 agains 


as much time is needed to complete the cycle, Figure 435 gives the life 
cycle of P. falciparum in relation to the temperature curve, 


wenn 


4, PLASMODIUM FALCIPARUM a (Craig, 1909) 


Me _ This organism is differentiated from P. falciparun infections os 

_ clinically by more or less constant fever with daily exacerbations, The 4 
_ ring forms of the parasite are smaller than those of P. falciparum and onl}; 
, le to 14 merozoites are produced at segmentation. 


a 2, PLASMODIUM OVALE (Stephens, 1922) 


oe . This organism is identical with P. malariae, except for ‘he abe 
sence of band forms. In addition all parasitized red blood cels are oval 


Se PLES VIVA VARIETY MINUTUM (Emin, 1914) 


Sop This organism is identical with P. vivax except that the para 

sites never enlarge the parasitized red cells. The schizonts only Fane: 
two-thirds of the parasitized red cell and only 4 to 10 merozoites are 
produced at segmentation. Table 85 presents the characteristics differen— 
-  . tiating the three main species. 


a3 h those of man, but repeated. attempts to transmit them to man and to | 
_ infect monkcys with human malaria. have been unsuccessful insofar as. main= 


. VI. 


_ foud infected with malarial parasites are not necessarily human malarial — 
vectors, for the parasites present may be those of monkey malaria which is 


between the two can only be made by transmission to man or the species of — 
monkeys present in the area. Therefore, in mosquito surveys, to determine ~ 


alive until the tine of examination, 


amount of cotton. moistened with chloroform, As soon as they are dead re- 


a ese organisms Ge Wdestica! ‘morphologically, oe general terns 


taining the organisms through successive transfer is concerned, 


THE E \MINATION .OF MOSQUITORS FOR MALARIA 


Various surveys in heavily infccted areas in different parts of © 
the world seldom reveal infection of more than 0.2% to 2% of the chief an) 
opheline vector. In tropical countries all of the anopheline mosquitoes 


the malarial vectors of any given locality in which malarial fever is presen 
either in an epidemic or endemic form, great care should be taken +o exami 
a sufficient number of the suspected species of anophelines to dra an 
accurate conclusion. As a routine at least 100 to 400 females of a given 
species should be examined, The procedure for examining them for the pre- 
sence of malarial infection is as follows: Oia 


1. COLLECTION OF HOSQUTTOERS. 


nnn et en She eee 


Capture the ancpheline mosquitoes near human habitatisn and pr 
ferably near the houses of knowm cases or carricrs. Keep the mosquitoes — 


Re KILLING MOSQUITOES FOR EXAMINATION. 


Place four to six mosquitoes in a glass jar containing a small 


move them from the jar and place between layers of SOUGOR, Tete Ue an 
water until they are dissected. . 


3. TECHNIQUE OF DISSECTION. 
a. Materials required 
(1). Clean ‘slides and cover glasses. 


(2). Two straight dissecting needles in needle holder 
one to have a two-edsed cutting point. 


(3). Pipettes or droppers. . 

(4). A pair of ‘fine pointed scissors to clip off the 
wings and legs. ; 

(5). A pair of fine pointed tissue forceps to handled 
the dead mosquito. . , 

(6). Alcohol lamp, 

(7). Physiological saline solution, 

(8). Physiological saline solution deep.y tinted with 


methylene blue. 
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| Dy? Precautions. ee Rn nae idisahs 


eal Ne saudaeer should be dissected wilthan one hour after 
they have been killed as autodigestion of tissue rapidly sets in and it will - 
be almost impossible to secure proper specimens if more than two or three | 
hours are allowed to elapse before beginning the dissection. . 


(2). Never let the preparation become dry while dissec— 
tion is in progress; always keep the specimen in a drop of physiological 
saline. 


ene When the alimentary canal is removed be careful not 
to break up the malpighian tubules as granules liberated by so treating them — 
will greatly confuse the picture. 


c. Procedure. 


(1). Select one of the dead female anopheline mosquitoes, — 
identify its species, record the results and then remove the wings and legs. — 
Place the body on a glass slide in a drop of saline solution tinted with a 
methylene blue so that its ventral surface is toward you and the tip of the 
abdomen points to your right..- 


(2). The salivary glands lie in the forequarter of the 
thorax; to remove them, hold the body in place by gently pressing the tip 
of a dissecting needle on the anterior half of the thorax, then with the 
shaft of the second needle press on the head, gently drawing it away from 
the thorax. By this procedure the pair of very minute, blue-stained, re- 
fractile, trilobate glands are usually extracted attached to the head, If 
the glands fail to come away with the head, they may sometimes be expelled 
by gentle pressure with a dissecting needle on the anterior and middle por- 
tions of the thorax, or as a last resort by teasing the thorax to shreds. 
Remove the glands from the head by means of the cutting-edged dissecting 
needle, then by securing them on the needle tip, transfer them to a small 
drop of unstained saline on another slide and cover with a cover glass. 


O10 
1a 


(3). To obtain the stomach, place the tip of one needle ~ 
on the 7th and the other on the 8th abdominal segments, break the chitinous 
connection between these segments by gentle teasing, then transfix the tho- — 
rax with one of the needles and pierce the last segment of the abdomen with © 
the other; now using gentle traction on the last abdominal segment, draw 
out the viscera into the saline solution. Secure the stomach by means of 
the shaft of the needle in the left hand, then with the right hand, using 
the needle with the cutting edge, trim off the malpighian tubules and all. <4 
structures lying posterior to them. Now pick up the stomach on a needle tip. 
transfer it to a large drop of untinted saline on a clean slide, straighten ~ 
it out and cover with a cover glass. Withdraw enough of the saline from 

the preparation by means of a slip of filter paper so that the cover glass 
no longer floats, then gently heat the slide over the alcohol lamp until the 
stomach becomes distended due to the heat expansion of its gaseous content. 


Pe ie 


(ee Now move e the: slide to the left by means of the mechanical. sta: 
which will cause the stomach to revolve and in its revolution all its exe 
vernal surface can be examined for projecting cysts. All suspicious sphe! 


Fane P. vivax cysts have aelicate ae of cel lew to aii fine=pigne 
granules, wh while P. malariae cysts have clumps of coarse, dark-brown, pig 
mented granules. For the exact morphology of malarial parasites in the 

_ of the mosquito stomach see Figure 44. é 


ae The species of Cougonsited can not be aot eneace from theta Ze 
er morphology. If in doubt about the presence of sporozoites, baa Loe oe 


is Stained by tNe Wright or Giemsa method. 
pees will Salah ea whether or not sporozoites are Pes 


Z 


VII. "LABORATORY DIAGNOSIS 


For the laboratory diagnosis of malaria see Laboratory Metl 


Chapter V. 


THE COCCIDIA 


One species, Eimeria ce paras ee ‘thes 
el a typical life oe ins 


t 


ice around the pennies ena of the Meal eopeauisen: Where hate been <A 
more than 150 cases of this. infection recorded. This infection is ‘char— 
acterized by abdominal discomfort for 3 to 5 days followed by diarrhea — : 
“with considerable tenesnus, which persists for 3 to 6 weeks. The patient, 
_ although greatly debilitated, usually recovers. After about the thivas 
week of the diarrhea oocysts are passed in the stools. They are covered 
Oy. 8 doubly refractive wall, are ovoid in form and measure 15 x 30M. 
The cyst is. smooth, colorless and very resistant to fixatives. A micropi 
at one end of the ‘oyst can sometimes by made out. The oocyst when pass 
contains a single ball of cytoplasm. This soon divides into two masses 
which secrete a wall about themselves. Each cytoplasmic mass then divide 
into four sausage-shaped sporozoites. This cycle requires about @ days 
for its completion, at which time the sporocysts are infective if again _ 

. ingested. The oocysts continue to be passed during the period of diarrh 
although they are never in greater numbers than two or three per ale 
By They are graphically illustrated in Figure 46, | 
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| GLASS: RHIZOPODA. 
GENERA ape __ SPECIES | 
Entamoeba . E. coli 
ee E. histolytica 
| gingivalis 


Endolimax nana 

Iodamoeba butschlii 

Dientamoeba fragilis 

Suppinia diploidea Coprozoic 
Dimastigamoeba gruberi 7 4 ah 
Amoeba ta A. proteus Free living — 


seeption of E. ringivalis and D. pravilie. they are ee ae i 
fected to new cases in the forn ap resistant cysts. Dene | 


THE PATHOGENIC AMOBBA C OF PY MAN 
I. ENTAMORBA HISTOLYTICA (SCHAUDINN, 1905) 
E. histolytica is the only known pathogenic amoeba p30 man. 
s now recognized that it is universal in its distribution and while 
fection is most prevalent in the tropical and subtropical i regions, 
y no means uncommon in the temperate zone. It is estimated that fron 
o ten percent ofthe population of the United States harbor this pe 


l. LIFE CYOLE 


_ The stages of the life oyele of E. pie, ey Re aie 


pseudopod as far as possible, and then after fixing the tip of this pseudo— 


a. Trophozoites. 


The trophozoites of E. histolytica vary in size, depend-— 
ing upon the suitability of their environment and the rapidity of their 
multiplication. At times, in any given specimen or culture, it is possible 
to demonstrate vegetative forms of E. histolytica in sizes varying from 
8 to 40 M. The average size, when rounded up, is about 25 M in diameter. 
The ectoplasm is very well differentiated from the endoplasm; this is par-— 
ticularly true when the amoeba is not moving, but sending out a pseudopod 
and then withdrawing it to send out another. Under these conditica:s it 
is glassy clear. When the amoeba is rapidly moving, however, there is 
onliy moderate differentiation of the ecto— and endoplasm. The endoplasm 
is finely granular and has very little color. Although E. histolytica will 
ingest bacteria, starch and other kinds of food in culture, in the body it 
is a true tissue parasite and lives on body cells and fluids to the exclu- 
sion of all other types of food. In the fresh diarrheal stool, E. histoly— 


tica very rarely contains ingested bacteria in its endoplasm. Under these 


conditions, the only ingested solid particles are red blood cells or leu— 
cocyte fragments. Except in individuals undergoing degeneration, the only 
vacuoles present in the endoplasm are food vacuoles. The nucleus is about 
1/6 the diameter of the cell, is disc-like in shape, and moves with the 
endoplasmic currents, occasional y tilting slightly as it floats along 

In the active living trophozoite it is sometimes very difficult to visual- 
ize, but as it is usually in that portion of the endoplasm that flows into 
the new-formed pseudopod, it can be observed in this position contrasted 
against the ectoplasm. When the nucleus is stained with iodine or hemo- 


. toxylin the chromatin is seen to ‘be distributed. “In fine 1e fairly even gran— 


ules abou about the inner side of poe webs peo _hembranes “The nears nee ys is 


Bee odiictior is 3 by hg Pieter which car can gs Sere Seen in warm 


stage preparations from rapidly growing cultures. It is usually an equal 


division of nuclear and cytoplasmic substances, but in rapidly. growing 
specimens there may be marked unequal divisions of the cytoplasm, thus giv- 
ing rise to the small organisms which were formerly thought to be a dif- 
ferent strain. When not undergoing division, precystic changes, or in un— 
favorable environment, the vegetative E. _E. histolytica moves rapidly, progres- 
Sively, and more or less continuously. The organism moves like a slug, and 
has the ability to cling to a surface and make progress even against or 
across currents in the surrounding media. The movement of amocbae, against 
currents or solid particles in the media, is accomplished by extending a 


pod on a solid surface, the amoeba will push out a new pseudopod from a 
point near the tip of the previous pseudopod which is now used as a fixing 
point. Thus, with one stationary point, the amoeba is able to push out the 
new pseudopod and allow the remainder of its body to flow into it until the 
tip of the first pseudopod is the rear most part of the amoeba. The pro-— 
cess is then repeated. Moving E. histolytica usually have considerable 


the. 


debris trailing along behind each one. 


b. Precystic stage. 


When the environmental conditions gradually become adverse | 


-~18- 


: ‘up, bec mes 
le and extrudes all iiss: ek solid food (particles. | Ce 
| chromatin granules in the nucleus become coarser and the nucleus: Shes 
- now quite visible in the fresh state when viewed under high power. ode 
- shaped chromatoid bodies are sometimes formed in the later part of this 
stage when the ectoplasm is about to secrete a cyst wall. This stage ‘Tara 
-. known as the precystic stage, but when the adverse environmental changes 
are sudden, the amoeba is uable to undergo this stage and 1 eee rounds — 
up and dies. . 


| OS aS Cc. Cystic. Stage. - 


Following the pre-cystic stage a definite, clear, hyal— 
ine cyst wall is secreted by the ectoplasm. Cysts are not formed in the ~ 
tissue of the host; they are present only in fecal excrement and in cul- 
tures. The cysts vary in size from 5 M to 20 M and their cytoplasm is cl 
translucent and nel, nahi qa In about 20% of the Settee crsts 


 toid body. This b ody and its shape are characteristic . for E B. Be 
and if it can be observed in a cyst, 2 diagnosis of E. fii can os 


sll, PH a sc ton 08 wa Ze Lad nathan 
made. When present, the chromatoid body can be visualized by reduced’ — 
light in the fresh unstained state. It stains a bluish-black with hema- — 
toxylin, but it is not visible in iodine preparations. The iodine stain. ~ 
may show, in new-formed cysts, small glycogen vacucles that are light ma ae 
- hhogany in color. Both the glycogen vacuoles and chromatoid bodies gradual-  — 
ly disappear as the cysts Hee When the cyst is first formed, there is only 
- one nucleus present, and it is of the same type as that in the vegetative _ 
forms. This nucleus soon divides, then each daughter nucleus divides again c 
- giving a total of four small characteristically shaped nuclei, each lying © 
on a different plane in the spherical cyst. The average cyst contains four 
nuclei and it is this four nucleated cyst with or without the red-shaped — 
. chromatoid body that is characteristic for this species. The eS 
being passed in the feces, are fairly resistant to mild dessication and 
ordinary disinfectants (ordinary water chlorination will not. kill them). 

In the feces as passed, cysts will probably live not longer than from 4 Bom 
' 10 days. However, if the fecal matter is diluted with water, as in sewage, 

and the temperature does not exceed 20°C., they may be viable for periods 
up to 200 days. They are destroyed by heating to 50°C., for five minutes. 
The cyst is the only state in which amoebae can pass through the pastriic jg 
juices and still remain viable. “For this reason, contamination of food, 
drink or mouth. parts by cysts of E. histolytica is the only natural way 

that this infection can be acquired. In addition to the ordinary means of 
contamination, flies and cockroaches may ingest and pass viable Cyane fae ; 
_ their fecal excrement. 


a When the cysts of E. histolytica are ingested, th-y pass — 
_ wnharmed down the intestinal tract until they reach the cecwa. Thve ex- — 
- eystation takes place and the four amoebae resulting from each cyst seek a 
- tubular gland where they propagate and soon destroy enough of the celts ea 
the host to plug the gland. The small pin-point yellow abscess so formed 
- is now freed of most of the bacteria and the amoebae GEeSe aviay the tissue - 

- cells and undermine the mucosa, They invade the surrounding Lymph cadena 


the connective tissue planes, and thrombose the neighboring capillaries. 
The spreading necrotic area thus formed soon sloughs out and leaves a 
simall undermined ulecr. The amoebae on the surface of this ulcer are 
washed out into the intestinal contents by the fecal currents, where they | 
either invade new glands, become encysted, or are passed as trophozoites, 
thus completing the cycle. If the host resistance is poor, new ulcers 
will be formed in rapidly increasing numbers, and the individual will be- 
come aware of gaseous distension and vague abdominal discomfiture, which 
is soon followed by symptoms of dysentery. If the host's resistance is 
good, only a limited number of ulcers will be formed and then a chronic 
course ensues (known as the carrier state). However, if the host's resis— 
tance is lowered, it may at any time become an acute case. Liver abscess 
is stated to occur in about 15% of all untreated cases infected with E. 
histolytica. 


THE COMMENSAL AMOEBAE OF MAN 


The commensal amoebae of man are of importance in that they may be 
confused with E. histolytica, and because their presence indicates human 
fecal contamination at some time of the mouth parts, fluids, or food in— 
gested by the infected individual. 


I. ENTAMOEBBA COLI (GROSSI, 1879) CASACRANDI AND BARBAGALLO, i895. 


E. coli is a harmless saprophyte living in the lumen of the human 


large intestine. This is the most common amocbic infection of man's gastro— 


hee 


intestinal tract and is the one most easily confused with E. histolytica. 
1. THE LIFE CYCLE.OF E. COLI 


The life cycle of ‘EB. coli is very similar to that: of: Es. 
histolytica with the following exceptions; (1) E. coli is not pathogenic. 
(2) Its cytoplasm is coarsely. granular and is not as well differentiated © 
into ecto- and endoplasm. (3) It rarely ingests red cells and is usually 
filled with bacteria, starch granules, mold spores, ctc. (4) Its nucleus 
is easily visible and contains coarse irresgular-sized grains of chromatin 
on the inner surface of the nuclear membrane. (5) The linin network may 
have a few grains of chromatin suspended in it, and the karysome is larger 


and eccentrically located in the nucleus. (6) E. coli moves sluggishly and” 


usually does not make a great deal of progress, and it is very easily kept 
in the microscopic field as compared to E. histolytica. (7) The average 
cyst of E. coli usually has 8 small fairly typical nuclei. The chromatoid 


bodies when present have-sharp pointed acicular ends (demonstrated by care-— 


ful focusing) as compared to the rounded ends of E. histolytica. (8) When 
first formed, the cysts usually contain larger and more marked glycogen 
vacuoles. 


a 


Entamoeba gingivalis is a harmless saprophytic amoeba found in the 


Fab Renee o> Tensei Sntitmaedvancea 
pus pockets of pyorrhea alveolaris, tartar deposits, cavities of cavious 
teeth and in any buccal erosion or abscess. 
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“The lite ee of ale ingivalis is continse to the Secon on 
can man, and is the only amoeba sees in this location. The troph:ioites | 
are almost identical in appearance with those of E. histolytica except 
- that ila are usually filled with dark pyknotic bodies and are more slug— 
Cysts have never been demonstrated for this 
amoeba. Animals susceptible to infection with E. histolytica, when inocu- — 
lated per rectum with E. secceinsees have never revealed any pathogenicity 

in this species, apy x 


III. ENDOLIMAX _NANA — (WENYON AND O'CONNOR, is17) BURG, ae 


2 E. nana is a small non—pathogenic amoeba which inhabits the i 
i lumen of the human- colon, Next to E. coli this is the most common amoebic 
infection in man's gastro-intestinal tract. ‘This amoeba is of no impor—_ 

. tance clinically, except that it may be confused with small strains of E. 


PR ristolytica, : ae 
. 1. LIFE CYCLE | a 


This organism is the smallest amoeba infecting man, measuring — 
from 6 Mto 1leM. The life cycle is similar to EK. histolytica with the > 
° eal towing exceptions: (1) It is a slow moving, sluggish organism Pree 
- more changes in shape than progressive motion. (2) All the chromatin of — 
ae nucleus is collected into a large irregularly—shaped karyosome witch oa 
is usually eccentrically located in the nucleus. (3) There is no chroe | 
“matin on the inner surface of the nuclear membrane. (4) The cysts are oval 
or irregular in shape and usually contain 4 small nuclei similar to those 
present in the trophozoite. (5) There are no chromatoid bodies a in 
m  the cyst. : 
eas 


IV. JODAMOEBA BUTSCHLII — (PROWAZEK, 1912) DOBELL, 1919. 


I. bitschlii is one of the rarer non-pathogenic amoeba inhabit-_ 
ing man's colon. a 


1. LIFE CYCLE. 


This organism usually varies from 9 M to 13 x in size. Indivi 
‘duals infected with this organism usually pass many irregularly—shaped 40 
_ cysts, but rarely trophozoites in their feces. The trophozoites resemble 
E. coli in form and habit, except that the nucleus has a large oval or . 
‘round eccentrically located karyosome containing all the chromatin. The ee 
cysts are very irregular in shape and contain either one or two typical i 
nuclei, Their most characteristic feature is that, when they are stained — 
with Gram's iodine (double strength) lerge, decply staining, mahogany brown — 
_ glycogen vacuoles are found to be present. These glycogen vacuoles may = 
_ nearly fill the cyst and displace the nuclei to one side. The eLyCOneE: ae 
bodies get smaller with age and may eventually almost disappear. 3 


we Le “ re 


+ LIFE CYCLE 


ue This organism ee from 3 M to 12 M in size. The endoplasm i 
finely granular and the ectoplasm well differentiated. This organism 

ually does not move, but merely changes shape by extruding pscudopods whi 
when fully extended, spread laterally. The majority of this species. have — 


two Seas in fact, the uninucleated amoeba are out Dien bai four to 
Th 


eee eats on ane nuclear fentraney, 
ed £05 this specics. 


Amoeba. protois. This” strastuse. is never present : in the amoebae ita 9 
man. : i 


THE LABORATORY DIAGNOSIS 


7, THE LABORATORY DIAGNOSIS of these organisms is secompliahed bye 
bia) Direct microscopic examination of the fresh excretions or secretions. ~ a 
- (b) Preparation and examination of stained specimens. (c) Cultures. (d) 
_ Differentiation from confusing objects. The exact methods in performing 

these pen ona are given in Laboratory Methods, Chapter V. ¥ 
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CHAPTER TV 
THE MASTIGOPHORA AND CILIATA INFECTING MAN. 


CLASSIFICATION 


CLASS: MASTIGOPHORA (FLAGELLATES) 


Subclass Species | Habitat 
Phytomastigina Euglenoidida |Copromonas C. subtilis Coprozoic 


: 


pipe oe ces al 
Hie Infests 


Meal pan ha ae Uses Meh se : 
Zoomastigina Protomonadida |Embadomonas mucous — 
eee 


tissues of man. 


intestin- | 
alis surfaces of man | 
\Tricercomonas T. intestin- | Infests mucous — 
| alis ‘surfaces of man — 
\Chilomastix iG. meanili Infests mucous 
| : surfaces of man — 
ijTrichomonas T. hominis Infests mucous © 
| surfaces of man © 
iBodo B. caudatus Coprozoic 
lLeishmania L. donovani |Blood stream and 
| tissues of man 
| jbe tropica Blood stream and 
| 


tissues of man 


iTrypanosona T. gambiense {Blood stream and | 

tissues of man 

T. rhodesi— ‘Blood stream and 

| | ense ‘tissues of man 

| jr. cruzi Blood stream and» 
| | | 


Infest small 
intestine of man” 


TLS fees Gg lamblia 


CLASS CILIATA (CILIATES) 


{ 


Spirigera | Heterotrichida |Balantidiwa IB, coli Infeets Large = 
| | inte: Line of 


ei eee 
| 

| | pig and man. 
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THE MASTIGOPHORA (FLAGELLATES ) 

The organisms of the class Mastigophora are characterized during the 
major part of their existence by the possession of single or multiple, long 
hair-like processes called flagella, which they use for locomotion in the q 
liquid media of their habitat. The flagellates may be conveniently divided 


aida 


poo. THe, SAPROPHYTIC FLAGELLATES OF THE MUCOUS SURFACES OF MAN. — 


Paths aie Chilomastix mesnili- (Wenyon) Alexcieff, 1910. This org: 
is shaped universal in its av hay te. it_is 2 harmless sg 


ie mac iva peut aden, 


Psa 15 Min diameter, with the nes posterion end: tapering into a fine 


- extronity. At we bottom of "this groove is found the c . eytostome. The ae 


leus is located in the anterior end and is round or oval in shape. Its ¢ 
Bein is often clumped on one section of the inner surface of the nuclea 
“membrane. The blepharoplasts are in apposition with the most anterior 


_ tion of the nuclear membrane and give rise to three anterior free flage 


and. one flagellum directed backwards and attached to the edge of the s 


_ BPOOVE. The movement of this flagellate is characteristic. It moves i 


slow deliberate manner with arate GS ceiaenon in its ee and slo 
“ rotation of its body. ry 
tamination of food or water oar esis resistant cysts passed | in the es of 
dividuals harboring this infestation. 
melon seed and they cre about 10 M in size, 
_ the morphology of this‘organism, see figure 48. 


aes ‘Dei ohononen homens: = Davaine, 1860. "synonyms: Pee: 
tinalis, T. vaginalis, T. elongata and T. buccalis. This is the most 
common saprophytic flagellate of man. ‘The concensus of opinion is that 
it is a harmless saprophyte. It may infest the buccal cavity, the lumen © 
of the colon or the lower portion of the. genito-urinary tract. T. hominis © 
varies from 5 M to 20 Min size and is round or oval in shape. The nue 4 
cleus is located in the anterior end and there are from three to five e free § 
‘flagella. One flagellum is directed backwards and is attached to the free — 
margin of a linear undulating membrane which runs the full length -f the ~ 
organism. A special, clear, elastic, rod-like supporting structure (ca 2lled @ 
the axostyle e) runs longitudinally through the center of the organism and =~ 
may extend beyond the posterior body limits forming a posterior spine. a 
This flagellate has a fast nervous type of movement and is constantly dart- — 


ar 


ing about. The ee oe noe: rapidly ise under oil irmersion Mee a. 


Jerable controversy prevalent ced eal ea hen pa thopenlen iy of th 

ganism, but at is probably a harmless saprophyte. G,. lamblia is pe 

aped, tapering to a point at the small posterior end, and it is abo 
re: XM by 14 M in size. The anterior portion of the ventral surface ae 


G. lamblia is ‘Uilataral iy symietrical, all pe organelles ci ae st 
tures are paired or lie equally on both sides of the sade Line. ee 


” sometimes rod-shaped or are in separate granules, The nuctes lie in: the 33 


anterior rounded portion of the organism, dorsal to the ventral sucker | 
are symuetrically located so that one nucleus is on each side of the mi 
line. Two blepharoplasts are situated near the mid-—line of the boa ju 
anterior and mesial ee the nuclei. Silat axostyles (strengthening : ee 


Dien. Four pairs of flagella arise along the mid-Line of the vere 
surface, the anterior pair cross each other before emergence from the — 
cytoplasm. A dark-staining, comma-shaped rod Sone ate lies across th 
posterior part of the axostyles. 


; _ The cysts are oval in shape, Becde 7M by 10 Min ae 

and contain two to four nuclei and rudimentary axostyles plus comme : 

shaped bodies. There may be considerable variation in the content and be 

 Yrelationship of the internal structures, See figure 50 for a graphic ~ 
- representation of the morphology of this organism. 


- some s to be. slipper-like in appearance. The cyst are very 
z i 7 M) and are difficult to find. ‘For norphology see figur 


Ea, portant nats ar specimens after they hee bear pageers 
ually possess contractile vacuoles and nuclei with a very large, cer 
ally located karyosome containing practically all of the chromatin. 


Bodo caudatus and Copromonas subtilis are the two most frequently enca 
ered organisms in this group. For their morphology see figure 5e. 


7 | @) ens, ‘The body is odes or oval and the 
Paetoplast, -which is made up of two structures, the parabasal body and 
the blepharoplast, lies near the centrally located nucleus. There is no 
free flagellum or undulating membrane, : 


(2) Leptomonas, The body is elongated‘oval in shape with 
the nucleus in the center and the kinetoplast in the anterior tip. There 
is a free flagellum, but no undulating membrane. 


(3) Crithidia. The body is identical with that of the 
leptononas except that the kinetoplast is almost in apposition with the 
anterior surface of the nucleus. There is a short undulating membrane 
between the kinetoplast and the anterior tip of the organism. The flagel- 
lum runs from the blepharoplast along the free edge of the undulating 
membrane and may or may not become free at the anterior end. 


(4) Trypanosome. This is the same as the crithidia forn, 
except that the kinetoplast is in the posterior tip of the organism and 
there is an undulating membrane running the full length of the body. The 
flagellum may or may not have a free anterior end, 


(5) Metacyclic forms. In insect vectors the trypanosomes © 


undergo a cyclic development. The organisms that occur at the end of the 
cycle are identical with the blood trypanosomes, except that they are 
smaller. 


Polynorphism or monomorphism in referring to trypanosomes 


does not mean variation in shape or size of the body, but indicatc: whether 


or not forms in the blood stream that are not undergoing division re uwni- 
form in regard to the type of flagellum they possess. Thus, if both free 

and bound forms of flagella are present they are polymorphic, and if only 

one form is present, they are monomorphic. 


Multiplication is by means of longitudinal fission. The hs : 


kinetoplast divides first, then the nucleus, and lastly the cytoplasn. 
I. LEISHMANTA 


These organisms produce a fairly cormien parasite infection of 
man throughout the tropical world. They have a life cycle in various 
vertebrate hosts and one in the Phlebotomas fly. The latter require: about 
ten days for its completion, after which tine, the fly's salivary secre- — 
tions are infected with the Leptomonad forms of the parasite and when the 
fly feeds on a susceptible vertebrate, they probably are inoculated into 
the wound produced by the bite. Leishmania cause two tynes of infection 
in man, one, the visceral form, is confined to the endothelial cells of 
the capillaries of the internal organs, and the other, the cutaneous forn, 


is primarily located in the endothelial cells of the capillaries and Lyaph 


spaces of the skin. 


1. LEISHMANIA DONOVANI ~ LAVERAN AND MESNIL, 1903. This organism — 


causes visceral Leishnaniasis, known clinically as Kala Azar or Dun Dum 
fever. “ 


aN ‘In the Hemicunnee. eet a , 
Ga bodies. with a vesicular nucleus and a Eee ee cats never’ h 
ne flag gellun. Their size varies fron 1 ne i ° iM hae ieee) 


the oy body setae deep Sire. and the axonene “stains a fain p: 
These tissue forms know as leishmania are Pepe ently vee found with 

_ the cytoplasm of endothelial cells or macrophages. 

as twenty of these parasites in one cell. In culture or in the ‘inverteb 


mis 


host, Phlebotomus papataci, the small leishmania forms elongate, develop a 
cae. ce a emia and assure the ee form. - For:a Seep repre a 


This sia causes Fautdion Fee, commonly known as Bepundi 
_ Oriental sore, Delhi boil or Bubas. | 


ae orshiol ogy. : ae 


Its norphology is identical with that of L. donee 


? eters Venda. The Rang may be pace scarce, but sao 
|. search will usually reveal their presence in lesions typical for this d: 
‘ ease. 

a b. Laboratory diagnosis. 

ee See Laboratory Methods, Chapter V. 


II. THE TRYPANOSOMES, 


The trypanosomes are generally Shaped like a sickle and are 
pointed at one or both ends. The convex margin has an undulating membrane 
in the margin of which is imbedded the flagellum. The flagellun ariges — 
\-tron a shall granule, the blepharoplast, near the posterior extremity of — 
the organism. It then passes along the free margin of the undulating men-— 
brane and may emerge at the anterior end of the organism as a free flagel— 
lum of variable length. Just posterior to the blepharoplast, there is us— 
ually a dark, shining, round or rod-like body known as the parabasal body 
The nucleus is usually round or oval and centrally located. The cytopl. 2ST 
is usually clear, but may contain granules of volutin which stain red with 
polychrome stains. Figure 56 shows diagrammatically a trypanosome and i 
_ internal structure. . . 
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The trypanosomes of. medical tmpeetenae are: (1) 1. gambiense © 
ee holon gr rhodesiense, the causative organisms of African sleeping sickness; 
(2) T. cruzi, the causative organism of Chagas! disease or South American 
trypanosomiasis; (3) The confusing trypanosome, T. lewisi. This is a : 
universal. natural infection in rats, transmitted by the rat flea and is 
non-pathogenic for’ man. However, in the’ event rats are used as laboratory — 
animals for inoculation with T. cruzi, T. lewisi, if already present in a 
the rats! blood streams, may be confused with it, 


1. TRYPANOSOMA GAMBIENSE ~— DUTTON, 1902. 


‘nid This is the most common organism causing African sleeping 
Sickness of man, 


a. Morphology. 


This trypanosome is characterized by marked polymorphism 
in the blood of mammals. It varies in length from 13 M to 40 M; long forms 
with a free flagellum and short forms with no free flagellum may be present 
in the same blood smear, plus all graduations between the two. The nucleus 
in T. gambiense is always centrally located. 


b. Mode of transmission. 


T. gambiense is transmitted to a new host through the in- 
vertebrate vector, the tsetse fly, the most important species being glos— — 
sina palpalis. This transmission may be accomplished by: (1) Mechanically. 
If the tsetse fly feeds first on an infected individual and then almost : 
immediately upon a non-infected individual, the fly may inoculate fresh in- 
fected blood from one to the other, (2) After cyclic development. After — 
G. palpalis has fed upon an infected case of sleeping sickness, the try-— 
panosomes taken in the blood feed, multiply and undergo a cyclic develop- 
ment in its mid~gut. In a few days they pass forward along the gut and mie 
eventually gain entrance to, and infect the salivary glands. They are now ~ 
crithidial in form. In from twenty to thirty days, they develop into 
metacyclic trypanosomes and are now capable of being transmitted through “4 
the salivary secretions of the feeding fly to a new host. When once in- e 
_ fected with T, gambiense, the tsetse fly remains so for life. ; 


| ee TRYPANOSOMA RHODESIENSE, — STEPHENS AND FANTHEM, 16°.0. This 
organism's morphology is identical with that of T. gambiense, exc. % that 
in some of the short stumpy forms, without free flagella, the nucleus is 

situated in the posterior third of the body and may even be behind the : 
parabasal body. Sleeping sickness duc to T. rhodesicnse is a much more a 
severe infection than that due to T. gambiense. 4q 


3. TRYPANOSOMA CRUZI - CHAGAS, 1909. This is a Yairly common 4 
trypanosome infecting man in tropical and subtropical South and Central 
America. It is an acute, fairly severe disease in children and is charac- | 
terized by fever, thyroid, splenic and lymphatic glandular enlargement, : 
followed by marked anemia and emaciation. In the adult, the infection us- ~ 
ually runs a chronic course, with thyroid enlargement followed by symptoms 
of myxodema. The heart or any other organ may give rise to symptoms due io) ; 
local invasion by this parasite. 


Ley iets s . 


SC See ot ites as seen in the abe iphone! plood is about 2OM 
aalhee vay ‘length. Its body tends to be shaped like the letter C. and the post- 
--erior end is sharply pointed like a wedge. The parabasal body is very Be: 
conspicuous and oval in shape. There is a free flagellum. The nucleus 
is oval in shape and centrally located. There may be some variation in 
the width of the cytoplasmic body depending upon the age of the trypano— 
some; young forms are narrower than the old ones. After a variable period 
in the blood stream, the mature trypanosome invades muscle fibers or other 
tissue cells, rounds up, becomes leishmania in form and nultiplies by 
binary fission. This multiplication of the leishmania forms continues 
until’ there may be as many as twenty or more parasites in a group. They — 
then develop a short flagellum, the body lengthens, the parabasal body 
moves posteriorly and the young trypanosome now invade the blood stream. 
There may be considerable local tissue damage and destruction due to ane 
invasion of tissue cells by this parasite. 


iy 


b. life cycle in the Reduvid. 


‘Probably the most important vector is Conorhinus megistus. — 
About six hours after the roduvid has fed upon an infected individual the 
ingested trypanosomes round up and assume icishmania forms. These forms 
rapidly multiply as they pass backwards along the intestinal tract. In a 
the hind-gut they again develop flagella and in about twenty-five to thirty — 
hours become crithidial forms, These forms multiply in the lumen of the ~ 
pighian tubules. The crithidial forms now develop into metacyclic trypano—_ 
somes and when the reduvid again feeds, he deposits a small drop of fluid 
from his rectum upon the skin of the individual fed wpon. This fluid excre-— 
ment may contain great numbers of the trypanosomes which are capable of 
passing through mucous membranes or by means of small abrasions into the 
blood stream, thus starting the disease. Bene 


4. TRYPANOSOMA UE LEWISI - KENT, 1860, 


This is the organism of rat trypancsonmiasis. It is cosmo—. 
politan in distribution and is not infectious for man. It is only of sig-— 
nificance when it is confused with T. crugi infections in laboratory ani- 
mals. The distinguishing points morphologically are that the nucleus of ~ 
2. lewisi is in the anterior third of the organism while that of T. cruzi 
is in the middle third, and the parabasal body in T. lewisi is rod-shaped = 
while that of T. cruzi is oval. T. lewisi is transferred from rats to f 
other laboratory animals with ereat difficulty, while T. cruzi transfers 


readily. 


5. DIFFERENTIATION OF SPECIES 


The main differential points arc shown in figure $7. 


eon 


6. LABORATORY DIAGNOSIS — 


yao 


‘This is made by demonstrating the trypanosomes in concentrat— — 


ed or unconcentrated stained smears, dark field preparations or wet mounts 
of blood. In some types of trypanosome infections smears from lymph gland 
asvirations are most apt to contain the organisms. When the trypanosomes 
are too scarce to be denonstrated by microscopic technique, culture or in-— 
oculation into laboratory animals should be resorted to, For technique in 
the above procedures see Laboratory Methods, Chapter V. 


THE CILIATA 


The members. of this class have short, hair-like processes called 


cilia covering their bodies, which they use for locomotion and the captures — 


of food. There. is only one species in this class that is pathogenic for 


ee 


I. BALANTIDIUM COLI — (MA MSTEN , 1857) STEIN, 1862 


B. coli is a rare parasite of the human colon, and @ common one... 


of the colon of pigs. It is cosmopolitan in distribution. In man it is a 
true tissue parasite. It lives within the lumen of the large intestine’ 
primarily, but invades the mucosa and produces large sloughing ulcers, in-—— 
distinguishable from those of Entamoeba histolytica. It acute cases it 
gives rise to an acute dysentery while vague abdominal discomfort is a 
conmon symptom in chronic cases. 


1, MORPHOLOGY 
a. TROPHOZOITES 


This is the largest protozoon parasitizing man. It is oval 
in shape and its size varies from 60 to e20 M in its greatest diameter. 
At the anterior end is a depression called the peristome, which leads into 
the cytostome (mouth) and then the cytopharynx (pharynx). The body surface 
is covered with oblique, parallel rows of cilia. These cilia are greatest 
in number and length around the peristome. The cilia around the peristome 
beat rythmically toward the opening, thus creating currents which aid in 
the capture and ingestion of food. The endoplasm contains numerous food 
vacuoles and two contractile vacuoles, one near the caudal extremity, the 
other about midway in the body, Periodically in the live specimen these 
contractile vacuoles are seen to contract and expel their contents. At the 
rearmost point of the organism there is a small excretory opening, the 
cytopyge. Within the middle one+third of the endoplasm there is a large 
oval or kidney~shaped, dark staining body, the macronucleus, and near its 
concave side is a small typical protozoon nuclear structure with a large 
central karysone, the micronucleus. Reproduction is usually by transverse 
binary fission, although conjugation does occur in this species. Figure 
58 shows the organism and its internal structure, and also its appearance 
in a lymph sinus of the intestinal mucosa. 
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sts thie. parasite « are. more | or eee eke cal i 

ey measure 50 to 60 M in diameter and appear like a rounded tropho 
zoite with a translucent shell around it. Each cyst contains a sing 
organism and when visi ccystation Slee place only one daughter B. mot. 
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TRANSMISSION 


_ noninfected ind siyidele Soni takes lige when food or drink is ‘contr 
ated by fecal excrement containing the cysts of B.. coli. The cysts 
Maly formed in the fecal currents of the colon. When 1 living unencyst {oa 
forms are passed in the feces, they die without undergoing encystation. 
If the living unencysted forms should be ingested, they would be ment 
by the acid gastric juices. Thus ingestion ‘of viable cysts is the onl 


natural way that this infection can be acquired. | : ay 


LABORATORY DIAGNOSIS 


_ phozoites: are fornd in feces. 
feces. For technique see Laboratory detec Chapter V. 


their reaction is neutral, 


ye 
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CHAPTER V : ty : 


LABORATORY METHODS AND TECHNIQUE 
GENERAL METHODS USED IN THE DIAGNOSIS OF PROTOZOA 


INFECTING THE BLOOD AND TISSUE 


I. COLLECTION OF THE SPECIMEN 
1. PRECAUTIONS 1 

a. Time. 
Tf itis Bapad Gs without detriment to the patient, select — 


the most favorable time and method to find the suspected parasite in the 
clinical infection under consideration. 


ee Te 
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b. Use all available methods and repeated examinations. 


If it is necessary, use all of the methods of examination — 
available to establish a diagnosis, and do not be satisfied until repeated 
examinations at favorable times prove or disprove the clinical diagnosis. 


— 
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In making blood or tissue smears always use new slides or 
slides that are free from fogging or scratches. 


d. General cleanliness of slides. 


The slides should be clean and free from grease or good 
smears cannot be made, 


e. Chemical cleanliness of equipment. 
Slides and other laboratory equipment used in handling 
blood and tissue prior to and during staining should be chemically clean. 
If they have been cleaned in acid cleaning solutions, be sure that they 
are washed in sufficient tap water followed by distilled water so that 


&e UNSTAINED WET MOUNTS 
The fresh unstained wet mounts are prepared by mixing one small | 


drop of the patient's blood or aspirated tissue fluid with two drops of a | 
0.85% sodium chloride solution in distilled water on a slide, then covering 
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e ms ha cover slip. : ¢ ia n 
ide that the cover slip floats or it. will be gutige to. pas objec : 
an a ndcroscopic. field. The rove in the preparation should not be so | 


If aie do so, the preparation shania be discarded and a new one made us 
a greater dilution of the patient's gino ner 


5. THIN SMEARS 


Thin smears for staining are prepared by securing bleod or 
tissue juice from the patient, and then making thin smears on a clean ; 
slide as if for a differential white blood cell count. . The smear should se 
be so thin that the cells are in a single layer and do not override one — 
another. When the smear is too thick, it is usually due to the use of to 
large a drop of the patient's blood or to the streaking slide being held 
at’an angle of less than 35 degrees when the smear was made. The smear © 
should not be blotted but allowed to rapidly air dry without the use of — 
heat. Do not blow the breath upon the smear to hasten drying; it will la he 
the red blood cells. If smears are stained before they are dry, the cclls — 
will not properly fix, the stain will be precipitated and the result wil 
be wmnsatisfactory. ; 


4, THICK SMEARS. 


Thick smears for staining are made by securing a large drop of 
the patient's blood on a clean glass slide, then spreading it by the use 
of a corner of another slide so that it covers an area about the size of 
a ten cent piece. The smear is then allowed to thoroughly air dry at. 
room temncrature or in 37°C. incubator. If the smear is not thoroughly 
ana before it is stained, the parasites will not stay on the aliaes ae 


5. COMBINED THICK AND THIN SMEARS. 


The combined thick and thin smears for staining are prepared b 
making a thick smear on one end of the jenn and a tha sinear uae on i 
end of the Linas Draw a ih with a wax pencil between the two smears 
and they are now ready for staining. 
II. STAINS AND STAINING TECHNIQUE. 
1. PRECAUTIONS © 


a. Quality of Stains. 


ony good stains of proven duality should be used. Fach. ae 
lot of stain shovld be carefully tested on known slides before use on un— 
knowns. In general, those that stain leucocytes and red blood cells sitis- 
factorily will also stain blood and tissue protozo aig 


b. Methyl Alcohol. ; i : oe 


7 Methyl .alcohol used in making up stains and in fixing : 
smears should be chemically pure and free from acetone, 


c. Distilled Water. 


. Distilled water used in diluting stains and in washing 4 
stained smears should be neutral in reaction. or buffered to a pH of 6.8. ; 


d. Staining Time. 

The staining time for each step in any given method should 
be varied to give the best final result for any given iot of stain. The 
time quoted for various steps in each stain of this type is the avcrage 
time found most satisfactory at the Army Medical School. 

e. Heat. 


After Dlood or tissue smears are stained, do not use heat 
to dry them, it will tend to fade the stain. 


f£. Stock Stain. 


Great care should be sxercised in sceing that no water gets 
into the stock stains prior to use in the staining technique, or the stain 


will be precipitated and rendered unfit for use. 


ee WRIGHT'S STAIN AND STAINING TECHNIQUE. 


The stain is the same as that given for blood work in "Labora- 
tory Methods of the United States Army". The technique in staining for 
protozoa is as follows: 


a. The Thin Smear, 


(1) Flood the thoroughly driicd blood smear with the stain 
for one-half to one and half minutes. 


(2) Dilute the stain on the slide with an equal volume of 
neutral distilled water or enough of the water so that there is produced a 
metallic scum on top of the mixture. Allow this mixture to stand for 
three to five minutes. 


(3) Thoroughly wash the stained blood film with n.utral 
distilled water until it is light pink in color, then blot and allow to air 
Oxy s 

b. Thick Smears. 
Thick smears are best stained by the Giemsa method. How— 


ever, if this stain is not available, they may be stained with Wright's 
stain, using the following method: 
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Poriedin coc. ess uc fea es des: 
Acetic! acid De iivie ek eee ee CC. 
Distilled water Qe5iad 100’ ec. 


- 


This solution fixes the parasites and white blood 
‘cells, but dissolves the red cells. 
(2) Remove the smear and wash thoroughly in tap water — 
following with distilled set tal 


(3) Allow witde to: ehancushly dry an then stain by 
ce xent's method as for a thin smear. 


c¢. Combined Thick and Thin Smears. 


only the thick _smear a the acidulated patel Become sonic If he ] 
thin smear comes in contact with this solution, the red red cells will be dis: 
solved out and the smear will be useless. Fane 


2 sufficient lapse of P tine after eine one ‘chat ttt aistiliod comer E 
or to contamination of the stain, or other reagents, or material, Wh te ae 
acid, : The precipitation of granules of stain on the blood film is ones. 
due to improper drying of blood films before starting the stain, introdu 
tion of water into the stock stain, or too much evaporation of the alcon: 
holic stain before dilution. Red cells stained blue, oxcept for the oc- 

casional cells showing polychromatophil ia, are either over-—stained, rie 

much time allowed after diluting the stain) or have been insufficiently — 
washed during the last stage of the uenasrceae process, 


This stain is as good as that of. Wright and in addition is 
more permanent. The good commercial stains are usually much more satis— 
factory than those made up in small amount in a laboratory. If it is 
necessary to make up this stain, the formuia is as follows: 


ee ate Azur II eosin ; 0.5 granis 

ee : Azur IT 0.8 grams” 

‘ae Glycerol,'.O. Ps; (Spe er. 1.26; and 

aa water content not over 1.5%) 25 CC. ne 
een Methyl-alcohol, C. P., acetone free Bo Ot. 


pee” Dissolve the Azur. II end Azur II eosin in the glycerol which 
has previcusly been heated to 60°C. Now add the methyl alcohol and allow — 
bi the mixture to stand for 12 hours, then filter and the stain is ready for — 
Uses ae 


mata. 


The actual staining solution is made by the proportionate mixing of one 

drop of the above stock solution with one cubic centimeter of neutral dis-— 
tilled water, Distilled water containing.1 cc. of 0,5% sodium carbonate if 
in cach 100 ces is probably the best diluent. Seventy-five cubic centi- : 
meters of the diluted stain will stain about twenty-five slides. After 

the stain is diluted, it should be used as soon as possible as it ceteri- 
orates and will not stein well aftcr twelve hours. Staining tcchnique by 
the Giemsa method is as follows : 


a. The Thin Smear, 


The thin smear must be fixed by immersion in metix:l alcohol 
for five minutes. It is then removed, dried and placed in the diluted 
Giemsa stain for thirty minutes if the stain is for malaria and forty-five 
to sixty minutes if it is for flagellates. Remove from the staining solu-— 
tion, rinse with distilled water until the blood film is light pink in 
color, then stand it on end and allow to drain dry. When thoroughly dry, 
the smicar is rea ady to be viewed. 


b. The Thick Smear. 
The thick smear is stained in exactly the same way as the 


thin smear except that it is not fixed in sd art alcohol prior to immer— 
sion in the staining solution. 


c. The Combined Thick and Thin Smear. 


Pye 


The combined thick and thin smear is stained exactly in 
the same way as the thin smear except that great care must be taken to see 
that the methyl alcohol does not get on the thick smear, If it should do 
so, the red cells of the thick smear will not lake out and the thick blood © 
smear will be useless for diagnostic purposes. 
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4. PROPER STAINING. 


The criteria for a good blood or tissue stain when used to 
detect the presence of protozoan parasites are: 4 


a. The red cells should be pink to a copper color. 


b. The white blood cells should show clear cut nucle. stain-— @ 
ing with good contrast between the > nucleus, eytoplasm and cytoplasmic gran— J 
ules. | 


c. The parasites should show light blue stained cytoplasm with | 
bright red or violet chromatin and their norphological structure should be | 
clearly defined. 
SPECIAL LABORATORY METHODS USED IN THE DIAGNOSIS 

of protozoa infecting the blood and tissue. 


E, MOLARTA. 
1. COLLECTION OF THE SPECIMEN. 


ahem 


The most favorable tine to find malarial spite 
blood stream in a clinical case of malaria is the. period starting twelve — 
hours after one chill up to one now before the next chill.. l 


b. Effect of Saints Therapy. 


Quinine therapy within four days prior to the taking of a 
sample of blood to be examined for malaria will usually make it very OL fae 
ficult or impossible to demonstrate the parasites in the peripheral blood, © 
except by the thick smear method, 


mee 


2. FRESH UNSTAINED WET MOUNTS. 


The fresh unstained wet mounts are prepared as outlined unde re 
general methods. Except for plasmodiua vivax, the recognition of melee 
parasites in these mounts is quite difficult and requires experience, The — 
pigment in the clear hyaline body of the amoeboid forms of P. vivex moves 
Quite rapidly and can be easily seen under the oil immersion objec" Ve, 
but P. malariae and P. falciparum parasites are less readily seen. For 
the above reason, this method of diagnosing malaria is generally unsatis— _ 
factory and should not be used except when stains are not available. Se 


3, THIN STAINED SMEARS. 


The preparation of thin stained smears as cutlined under gen- © 
eral methods, stained with Wright's or Giemsa stain, is the method of a 
choice in the routine diagnosis of malaria. SER 


‘4 THICK STAINED SMEARS AND COMBINED THICK AND THIN STAINED SMEARS. 
The thick stained smear and the combined thick and thin stained — 
smears are prepared and stained by Giemsa or Wright's method as outlined 
under general methods, They are the methods of choice in searching for 
malarial. parasites in carriers, clinical cases that have very few para- e 
sites in the peripheral blood and in malarial surveys. The appearance of 
the parasites in a stained thick preparation after the red cells have been 
laked out is quite different from that in stained thin preparations. They © 
are quite typical, but the body of the parasite may be distorted in shape © 
due to the destruction of the red blood cells. Therefore, where possible, — 
the novice should not use this method until he or she has become thoroughly 
familiar with the malarial parasites and those confusing objects that are. 
found in the thin stained-smear, A convenient way of handling and staining 
large numbers of thick smears in a malarial survey is the one outlined by 
Barber and Kemp of the U. S. Public Health Service. "In handling large 
numbers of thick smears it is convenient to carry out the technique in ae 
groups of 25 slides. With this in mind, the thick film is placed nbout . | 
one inch from one end of the slide and the other end is used for 1: deling. 
The slides are assembled in groups, a cardboard 1/16 to 1/8 inch tick a 
and 1$ inches long, is inserted between the slides at the labelled ends . 
and ae whole fastened together by means of a stout rubber band. The entire — 
block may now be stained and dried as a single wit. Figure 59 illustrates 
such a block. ‘ 
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Se CULTURAL METHODS 


The cultivation. of the plasmodia of malaria by the methods 
now available is of no practical value in the diagnosis of this infection. 
Its chief use at present is to demonstrate, for teaching purposes, the 
forms of P. falciparum that are usually only found in the capillaries 
of the internal organs. If the technique of malarial culture is desired 
it may be found in the Journal of Experimental Medicine, XVI, 567, 1912. 


6. INOCULATION OF LABORATORY ANIMALS. 


There are no laboratory animals that are susceptible to human 
malaria. 


7. OBJECTS THAT MAY BE CONFUSED WITH MALARTA. 


Objects that may be confused with malaria in the stained blood 
smears when -superimposed on a red cell are: Blood platelets and pvecipi- 
tated stain. . Sometimes abnormal red cells showing young nucleatec forms 
or basophilic degeneration may also leac to confusion. Malarial parasites 
have a definite body shape, internal arrangement and characteristic stain— 
ing properties which, when once.familiar with them, should lead to easy 
differentiation from other objects. 


8. LABORATORY DIAGNOSIS. 


The laboratory diagnosis of malaria infection in man consists 
of finding and recognizing the malarial parasites, and their type, when 
present in the blood preparations made from suspected malarial fever 
patients. In examining preparations made for malaria the oil immersion 
objective should be used. Malarial parasites are best seen when the light 
coming through the substage is slightly reduced. The proper amount or 
light may be obtained by moving the slide until a blood platelet is center— 
ed in the field, then adjust the substage so that the maximum definition 
of its morphological detail is obtained. In searching for the parasites 
the slide should be covered in an orderly manner moving back and forth 
over the smear so as not to repeat any field previously examined. Never 
make a diagnosis on the first parasite found, cover enough of the slide 
so that if two species of malarial parasites are present you will find them. 
If in doubt about any single abnormal parasite found, remember that where 
there is one malarial parasite there are bound to be more and careful 
search will usually reveal an easily recognizable form. Early diagnosis 
and treatment is of utmost importance if a favorable prognosis is to be 
expected in P. falciparum infections, owing to its tendency to produce 
early and unexpected cerebral complications. Therefore, if P. falcivarum 
infections are found in the area in which you are working and you have a 
blood smear in which you are certain there are malarial parasites, but you 
are unable to determine the type, report the case as positive for  alaria 
so that treatment may be started. Then make additional smears and careful— 
ly study to determine the type. 
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qi, TRYPANOSOMES 


oy COLLECTION | OF THE SPEC 


ae Time 


The most favorable time to find these organisms in a 
hidbseted infection is during periods of pyrexia. 


b. Blood. 


In most cases of trypanosomiasis there are usually very 
few dreanisns present in the blood stream; therefore, it is necessary to ~ 
use concentration methods as well as direct preparations in searching for 
those parasites. Such a concentration method is as follows: 


A sterile venipuncture is done and 10 cc. of blood are 
withdrawn and immediately mixed with 40 cc. of sterile warm (37° C.) dis- 
tilled water in a 50 cc. sterile centrifuge tube. The tube is agitated and 
as soon as hemolysis is complete it is centrifuged at 2500 revolutions per 
minute, or over, for 5 minutes. Then decant the eran yen fluid and oil 
the trypanosomes present in the sample of blood will be found in the resi- 
due which can then be examined microscopically or if it has been kept ster- 
LL » used to inoculate culture media. 


c. Lymph Gland Puncture. . 


This method is the one most apt to reveal positive results 
in the diagnosis of trypanosomiasis, Puncture one of the enlarged lymph ‘4 
glands under aseptic technique with a Luer syringe equipped with a 19 gauge ; 
needle and aspirate some of the gland substance. The aspirated gland 
material may then be examined by microscopic, cultural or animal inocula- 
tion methods. 


d. Spinal Fluid Examination. 
Spinal fluid examination is probably only of value in 


African sleeping sickness. Due to the small number of trypanosomes present 
in the spinal fluid it is usually necessary to centrifuge the specimen and 


then examine the residue so obtained to demonstrate tneir presence. 


e. Tissue. 


T. cruzi is the only trypanosome that forms a nidus and 
propagates in tissue. The pathological examination of biopsy material 
froin localized swellings or lymph glands in suspected cases of this dis- 
ease may reveal its presence. In autopsy material, heart, thyroid tissue, 
brain and bone marrow are most apt to harbor this parasite, 


2. SLIDE PREPARATIONS. 


Fresh unstained wet mounts, thin stained sinears and thick 
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| stained smears are prepared as outlined under generel nethods. 
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3. CULTURE IN LABORATORY’ “MEDIA. 


Concentrated laked blood, aspirated contents of lymph glands, 
spinal fluid or biopsy tissue from cases of trypanosomiasis when inocu- 
lated into suitable media may yield cultures positive for trypanosomes. 
The various species arecultured as follows: 


a. T. Cruzi. 
(1) One of the best media upon which to culture T. cruzi 


is that originated by Novy, MacNeal, and Nicolle (N. M. N. medium) an 
is made as follows: 


Agar 14 Grams. 
Sodium chloride 6 grains. 
Distilled water 900 cc. 


Mix and dissolve by means of heat, then tube in 6 cc. amounts and auto- 
clave for 30 minutes under 20 pounds steam pressure. Remove the steriliz— 


ed tubed nedia and allow it to cool to 4g° CG, Then under aseptic conditions © 


add 2 cc. of sterile defibrinated rabbit's blood to each tube, mix well 
and slant. . Slanted tubes should be placed in the ice box to cool and 
harden so that they will have the maximum amount of water of condensation. 
When cool the cotton plugs in each tube should be covered with a rubber 
cap to prevent evaporation of the water from the media. The tubes should 
be tested for sterility by incubation at 37°C. for 24 hours before they 
are used. Trypanosomes will not grow in the presence of bacterial con- 
-tamination. 


(2) Inoculate the suspected material into the water of 
condensation of N. M. N. medium and incubate at 25°C., examining every 
4g hours for 10 days. Leishmania forms, crithidial and trypanosome forms 
ordinarily found in the reduvid will appear in the cuiture. Subculture, 
however, is quite difficult. } ) 


b. T. Gambiense and T. Rhodesiense. 


T. gambiense and T, rhodesiense are difficult to culture 
but may grow on the absve N. M.N. medium if 1% glucose is added and the 
culture is incubated at 32°C. The forms that develcp in the culture will | 
be the crithidial and inetacyclic forms ordinarily found in the tsetse fly. 


y, INOCULATION OF LABORATORY ANIMALS. 
Inoculation of laboratory animals is used to establish a diag~ 
nosis when other methods fail. Great care should be used in selecting the 


preper susceptible animal as given in the differential chart on trypanosomes 
and ruling out the possibility of a natural infection existing at the time 
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of inoculation. Material obtained as outlined under the collection of 
specimens is inoculated intraperitoneally into the animal selected. 


5. LABORATORY DIAGNOSIS 


_ The laboratory diagnosis is arrived at by studying the material 
gathered according to the above outline and correlating it with the dif- 
ferential table plus life histories of the organisms. The presence of 
autoagglutination in a patient's blood is suggestive of trypanosomiasis. 


TIT. LoISH/Alulasts. 
1. COLLECTION OF THE SPECIMEN. 
a. Blood. 


Leishmania are rarely found in the circulating blood and 
when present they are found in the macrophages and polymorphonuclear 
leucocytes. 


b. Liver Puncture. 


When visceral leishmaniasis can not be diagnosed by blood 
examinations, this is the method of choice, and of all methods it i: most 
likely to yield positive results. This procedure is not without danuwer, 
however, but can usually be done safely as follows; The excursions of the 
diaphragm are limited by putting on a tight abdominal binder. _ Then, cau- 
tioning the patient not to move, under a local skin ane sthetic, insert a 
2 inch, 16 gauge Luer needle attached to a 10 cc. Iver syringe containing 
e cc. of saline, through the skin just above the 8th rib in the right mid 
axillary line. Keep the needle and syringe at right angles to the skin and 
after the needle has penetrated 1 inch inject the 2 cc. of saline and then 
insert the needle to its full length, Then espirate a small amount of 
material and withdrew the syringe. The aspirated contents may then be used 
to make smears for staining or for inoculation of culture media. 


c. Spleen Puncture, 

Securing material for the diagnosis of visceral leishman- 
iasis in this manner is attended with great danger of hemorrhage. However 
if necessary to make the diagnosis through this reer it is performed 
in much the sji1e manner as liver puncture. 


d. Skin Lesions. 


Material for diagnosing infection with L. tropica is ob- 


tained by scraping the edge of the cutaneous ulcers or using a Luer syringe 


with a 19 gauge needle to aspirate some of the contents of a skin nodule. 
This material is then made into thin smears for staining. Material from 
skin lesions is usually too heavily contaminated by bacteria to be success— 
fully cultured. 
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2... , CULTURE ON LABORATORY MEDIA. 

Culture on laboratory media is carried out by inoculating 
matcrial obtained by the above procedures into the water of condensation 
of a slant. of N. M. N. medium which is then incubated at 25° C. The 
material inoculated must be free from bacterial contamination or leish- 
mania will not grow in the culture. Within 3 to 10 days in successful 
culture, the water of condensation will contain numerous rosettes of 
leptomonad forms of the leishnania which may be demonstrated by wet fresh 
mounts of stained preparaticns. 


Localized cutaneous infections can sometimes be produced by 
inoculating material infected with leishmania into the skin of dogs, cats, 
-rats, mice, guinea pigs, or monkeys. The hamster, however, is the animal 
of choice and infection with leishmania can be produced readily in it. 


4, THE ALDEHYDE TEST. 


This test is performed by adding two drops of commercial 
(37%) formalin to 1 cc. of serum from the suspected case. If the infec- 
tion is due to L. donovani, the serum will jell and look like the cooked 
white of an egg. This test, however, is not specific, for it may give a 
positive result in some cases of tuberculosis, teprosy or malaria. 


5, LABORATORY DIAGNOSIS. 


The laboratory diagnosis of L. donovani or L. trepica i. made 
by finding these organisms in the leucocyted and endothelial colls .2 
stained smears, in cultures or in the lesions of inoculated laboratory 


animals. 
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GENERAL METHODS USED IN TH He DIAGNOSIS OF THE PROTOZOAN PARASITES: 
"AND SAPROPHYTES OF THE MUCOUS SURFACES OF MAN 


I. COLLECTION OF THS SPECIMEN. 
1. PRECAUTIONS. 
a. Collecting the Specimen 


The specimen should be directly cclliected in clean covered 
receptacles (bed pans, swabs in test tubes containing $ cc. of physiological 
saline, syringes, bottles or dropper), preferably sterilized by heat. These 
receptacles should not be sterilized by chemical disinfectants as protozoa 
in the vegetative stage are easily killed and quickly undergo autolysis in 

he presence of only small amounts of such chemicals. If the receptacles 

are not properly cleaned and sterilized there is always the possibility of 
introducing free-living protozoa into the specimen and thus confusing the 
picture 


b. Handling the S 


ecinen Prior tc Examination. 
(1) Specimens for Examination Locelly. 


These specimens should be kept in the original re- 
ceptacle used for c:-llection until examined. The material shx tate be kept 
at a temperature of 37°C. as all vegetative organisms in this group are ; 
geste sensitive to chilling and are also rapidly killed by temperatures of 

NSC. or higher and by drying. Therefore, when delivered for diagncsis, 
the specimen should have its original moisture content or examinaticn for 
these organisms will be useless. 


(2) _ Specimens for Shipment. 


(a) Vegetative organisms will not stand routine 
Shipment without previous fixation. Cysts, found in feces, are the only | 
forms that can be satisfactorily shipped in the fresh state, The cysts 
should be concentrated and washed with tap water until quite free from fe- 
cel material as they rapidly die in the feces as passed, but will live 
from twenty to two hundred and fifty days, depending cn the temperature, in 
the washed state. 


(b) Concentration and Fixation of Mucous Surface 
Protozoal Specimens Containing Trophozoites Preparatory to Shipment. 


-l- Fecal specimens. Thoroughly emulsify 20cc. 
of feces in 200 cc. of warn ACS be C.) physiological saline in a settling fla& 
or tall narrow cylinder, allow to stand for five minutes and then decant the 
supernatant fluid into two 50 cc. centrifuge tubes. Centrifuge the material 
at 1850 RPM for five minutes,then decant off the supernatant fluid, save 
the precipitated residue of one tube for fresh examination and to t..2 tube 
containing the other precipitate add 25 cc. es roan Schaudinn's fixing 
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solution. Thoroughly mix the precipitate and the fixative and’allow the = 
mixture to stand for at least one hour, preferably 24 hours. a 


uA | 7 -2- Cultures and other liquid specimens. im 
payee the fluid dy Matte ioe organisms directly into a 50 cc. contrifuge 
u ms 


e and then centrifuge and fix the material as indicated above. 


-3- After the one specimen has been fixed by 
Schaudinn's solution the required length of time, the solution should be 
removed from the specimen by first diluting it with an equal volume of dis- 
tilled water, then centrifuge the mixture so obtained at 1850 RPM for 5 
minutes and decant off the sapernatant fluid. Now add 50 cc. of 95% ethyl 
alcohol to the precipitated residue and it will then be ready for shipment 
in a suitable container. Ship the fixed and unfixed specimens obtained as 
above to the corps area or other central laboratory for diagnosis. ae. 
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c. Time of Examining the Specimen After Collection. 


All specimens should be examined at the earliest possible 
opportunity after collection. Those types 2f protozoa rapidly degenerate 
and the possibility cf a positive diagnosis is inversely proportional to 
the elapsed time after collection of the specimen. 


d. Thé Necessity for Multiple Specimens and Examination. 


; In patients infected with protozcoa cf this type, the 
number cf organisms present on an infected surface at any given time de- 
pends upon the type of pathology produced, the bacterial flora present and 
the resistance cf the host. Because of this multiplicity of gcverning 
factors, protozoa usually appear in showers; they may be present in great 
numbers one day and relatively scarce the next. Therefore, to arrive at 
anything like a satisfactory diagnosis in questionable cases, repeated ex- 
aminations, possibly under different conditicns, should be made cn con- 
secutive days. | ; 


2, SPECIMENS FROM THE BUCCAL CAVITY AND THa GENITO-URINARY TRACT. @ 
‘These are best collected directly from the lesi:ns by using 
swabs moistened with physiolcgical saline, or by aspirating some of the 
mucous secretions by means of a syringe or dropper. This material is then 
imnaediatly examined microscopically or by culture. 


3. SPECIMENS FROM TH@ GASTRO-INTESTINAL TRACT, 


a. Precautions. 


(1) It is practically impossible to find protozoa in a 
stool after an oil cathartic, e.g. castor cil, mineral oil, or following a 
barium meal or enema. Therefcre, in the event any of the above has been used — 
examination for protozoa in the feces should be delwed for at least fe hours © 


(2) The portions of a stdol most likely t¢ conta‘n para- 
Sitic protozoa are those showing blood or mucus. In formed stools, ?1all 
flecks of mucus or mucus and blood can always be found on the surface of 
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cimen. Ta techiifumtied or guia stools if the specinen oe sail 


ined carefully, mucus and blood can alsc be found. 


oy: Specimens collected by means of an enema are us-— 
ually dc nitee weg 


b. How and When to Collect the Specimen. 


Feces should he passed directly int) a thoroughly clean, © 


warmed bed pan and immediatcly taken to the laboratory for examinaticn. 
The best time. to Secure a specimen is at about 9 A.M. At this time the | 
patient, due to the stimulation of peristalsis by breakfast, will be able 
to cooperate best and the eee Oty personnel should sis able to give the 
specimen imuediate attention 


c. Stage of Organisms ound. in Different Types of Stools. 


Formed stools usually contain cysts or precystic prob snoe a 4 


only. Semiformed and liquid stsols will ordinarily contain only ve -eta- 


tive forms and it is thses types of stools that best afford an oppe~tunity 


to diagnose a protozoan infection. If the patient is not already passing 
such a stool, and it is necessary to rule’ cut tho pcessibibity of a para- 

~sitic protozoan infection, give a saline cathartic and collect the second: 
‘or third liquid stcol passed fer examination. 


d. Concentraticn Methods. 


This method is only applicable tc cysts for which it is 


the procedure of choice. For all practical »ournoses cnly formed or semi- 
formed stools will contain cysts and if they can not be demonstrated in 
the unconcentreted spéecinen the following procedure should be used. 

Select a portion of feces about the size of a walnut and thorouchly eml- 
sify it by means of a tongue denresscr in 200 cc. of distilled water con- 
tained in a graduate or settling flask. Allow this material to stand for 
30 minutes to give the heavier particles time to settle cut; now decant 
the supernatant fluid into a litor graduate sr flask and add enough dis- 
tilled water to fill the container. The diluted specimen is then placed 
in the refrigerator overnight to allow the eysts to settle to the bottom. 
‘The following morning decant or siphon cff the supernatant fluic and dis- 
card it. The residue is then examined directly for cysts or it may be 
washed one cr more times and further concentrated by the followinz method, 
Transfer the residue to a 50 cc. centrifuze tube and dilute with enough 
distilled water to fill the tube, theroushly mix and then centrifuge the 


speci.ion for two minutes at 2000 RPM. The supernatant fluid is then secant— | 


ed and cysts if present will be found in the precivitated residue. 


e. Proctosconic Rxaminaticn. 


If the pathological lesizns are in the rectum or sigmoid © 


specimens may be cbhtained by means of the protoscope cr sigmcidosccye and 
examined immediately. These are more apt to yield protozca than the passed 
feces. However, because of the attending discomfort and perhans vain to 
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the patient, this method should be used ony after it ah Poe demonstrated 
that the feces are negative. 


IT, PREPARATION OF THE SPECIMEN FOR MICROSCOPIC EXAMINATION. 
1. THs WET FRESH UNSTAINED SPECIMEN. 
a. Feces and Mucus Specimens. 


Warm a clean slide so that it feels comfortable when 
touched tothe back of the hand. Then secure a small piece of mucus or 
mucus and blood from the fresh specimen by means of a wire loop or wooden 
applicator and thoroughly emulsify it in one drop of physiological saline 
on the middle of the slide. Now take a clean mumber one cover slip between 
the thumb and forefinger of the right hand, contact the slide with one edge 
of the cover slip near the drop but not touching it, pusn the slip e!long 
the surface of the slide until its edge contacts the drop, rock it slightly 
from side to side to allow a portion of the fluid to come under the edge of 
the slip, then let the cover slip drop from between the fingers allowing it 
to fall on the side. The fluid portion of the drop on the slide will then 
automatically be drawn by capillary attraction under the slip, while the 
solid particles will be excluded, .This method insures a thin even prepara- 
tion of not too great a density (when newsprint is viewed through it the 
words are legible) and insures even apposition of the cover slip to the 
slide. The preparation is now ready for examination, but if it is to be 
kept on a worm stage for any period of time it should be ringed with vase- 
line. 


b. Culture and Concentrated Cyst Specimens. 

Culture and concentrated cyst specimens are prepared for 
microscopic examination exactly as above except that because of their fluid 
nature they are not mixed with physiological saline prior to applying the 
cover slip. 


2. THE STAINED PREPARATION (See. technique under fixation and 
staining). 


III. FIXATION AND FIXING TECHNIQUE. 
1. PRECAUTIONS. 
a. Type of Fixatives. 

A fixative should be selected that has approximately the 
sane surface tension as the material to be fixed, or it will be dif?icult 
to keep the organisms on the slide, e.g. protozoa should not be fixed in 
solutions that have more than 40% alcoholic content. 

b, Time Necded for Fixation. 


Always allow the specimen to remain in the fixative for 
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nun tim ‘aacted. OCRy as a possible ne 5 sera cee sett hes 
hos > but the increase in the quality of stains produced after __ 
en adequate fixation more Than pone cee tho: additional tine aed ae to this 
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c. Condition of Fixative. hoy a 


The fixative should always befresh and the number of 
slide preparations fixed in a given amount limited, i. e., seventy-five 
cubic centimeters of fixative will only fix satisfactorily about twenty- : 
>) five slide preparations. . io ae 


ad. Condition of Spectnen to be Fixed. 


should not show any evide nce OF He Aetinte If the specimen is ota aa : 
the orgenisms are ‘degenerated, good fixation and. staining will be impossible, 


2, PIXATIVES. oo | i 


a. Schaudinn's Solution; . ee 


Mercuric chloride, HeCl., O.P., saturated solution | 


+ in physiological Saline ste ‘65 66a 2 ae 
Ethyl alcohol, 95% | 55 CO... 4am 
Acetic acid, glacial, C.P. Be Mae ee 


Tho glacial acetic acid and the ethyl a alcohol should ie 
be added tc the bichloride of mercury solution just before use. we 
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Formol Sublimate Solution: 


Mercuric chloride, saturated solution in physio- 
Logical saline : 90 ee: 
Formaldehyde (37%) 10 ce. 
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If the material to be fixed is not in the liquid state, i 

mix .nough physiological saline with it to form a thin watery solution. _ YF 
Now rub well-into one half of the surface cf a clean slide one small drop 
of fresh egg white or normal horse serum, then put cne large drop of the | 
Specimen on this surface and spread it.evenly. Allow the preparation to 
dry until the fluid portion of the specimen will no longer run when Mose 
slide is tilted, then drop the slide, film slide dum, into 50 cc. of cone 
of the above fixing solutions: contained in one half of a Petri dish. | ete 
After ten minutes turn the slide over or place it in e Coplin jar three- ; 
fourths full cf the same fixative and allow it te gimain for one te two | 
“nours.”’ psi pare Bs i BS 
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b. am oeba Ehephoge Lip es 


oe ’ Slide preparations for fixing ete staining. these organisms 
are made in the same way as under (a) except that as soon as the drop. of 
material is placed on the slide a cover slip is dropped on it. The prepar- 
ation is then allowed to set for three minutes and is then placed ina 
Coplin jar. The fixative is then carefully added and is allowed tc act for 
2 hours. After fixation the cover slips are removed from each specimen and — 
the slides are then ready to be carried through the routine of staining. 
This method of putting the cover slip on the preparation makes it possible 
to inspect the slide for amoebae prior to fixation and in addition is a 
great help in keeping the amoebae on the slide during fixation. 


c. Preserving Specimens after Fixation. 

The preparations after fixation should be rinsed in tap 
-water and then placed in 70% ethyl alcohol; they can either be preserved for 
future staining in 95% ethyl alcohol, or stained immediately. 

IV. STAINS AND STAINING TECHNIQUE, 
1. PRECAUTIONS. 7 
a, Stains. 
A good quality of hematoxylin should be procured and when 
made up it. should be thoroughly ripened before use. Test the stains on a 
known specimen before using them on an unknown. 
b. Age of Material after Fixation, 
Specimens should be stained as soon as practicable after 
Fixation because fixed specimens gradually lose their ability to take the 
stain. 
c. Drying of the Specimen, 
The specimen should never be allowed to dry at any stage 
in the technique as it causes the organisms to shrink and became distorted 
in shape. 


d. Washing after Destaining. 


If the destaining agent is not thoroughly washed out of 
the specimen it will fade the stain. 


c. Dehydration of the Specimon for Permanent Stains. 
If the specimen is not properly dehydrated before clearing 


in xylo]l, the xylol will become milky and the slide when viewed microscop- 
ically after mounting in balsam will appexr blurred, 
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STAIN. Nae 


* this isa Psennerers stain used for quick aahonte Be end 


ua it must be mede up fresh every 10 days 


or it will not stain properly. -- 


a, Formula; : 
Iodine 0.05 gram 
Potassium Iodide 0.10 " 
Distilled water Te OG. 
Glacial acetic acid bys oe 

b. Technique for Trophozoites, 


This method is principally of value in studying an..ebae. 
After findingtrophozoites and studying them in the fresh wet unstained 
mount the nuclear details can be clearly visualized and studicd micro- — 
scopically if the cover slip is raised at one edge and a drop of the iodine 
Stain is thoroughly mixed with the contents under the slip. | 


c. Technique for Cysts. 


Mix on a 


clean slide one drop of the iodine stain with 


one drop of the material containing cysts, apply the cover slip as ex- 
plained under fresh wet unstained mounts and then examine microscopically. 


3, HEMATOXYLIN STAINS, 


De 


Heidenhain's Iron Hematoxylin. 


This is the best stain for protozoa, 


Hematoxylin 1 gram 
Ethyl Alcohol, 95% 10 cc, 
Distilled water 90 cc. 


Thymol 1 

Dissolve the hematoxylin in the 
water and thymol, then allow to ripen in a elear 
pesed to the sun for one month. 


b. Harris' Hematoxylin. 


This is a good stain and is the 


Hematoxylin 1 
Ethy] alcohol, 95% 10 
Dissolve the hematoxylin in the 
Alum (ammonium or potassium) 20 
Distilled water * 200 


crystal ) 
alcohol, add the distilled — 
glass-stoppered bottle CX— gs 


one mast readily prepared. 


gran - 

+ 
alechol. 
Sraiis 
Cc. 


Dissolve the alum in the water by the aid of heat, and add 


the hematoxylin solution. 


sible, and then add one-half gram of yellow oxide of mercury, — 


Dae 


Bring the misture tc a boil as rapidly as pos- 


The soluticn 


at once assumes a dark purple color. As svon as this occurs, remove the 
vessel containing the solution from the flame and cool rapidly by plung- 
ing into a basin of ice water. As soon as the solution is cool it is 
ready for use. The addition to the stain cf .lacial acetic acid to a con- 
centration of 4 per cent is supposed to increase ve precision of the 
nuclear staining. 


c. Mayer's Hemalun. 


This is a fairly good and reliable stain. 


Homatoxylin 1 gran 
Distilled water L000 cc. 

Sodium iodate, C.P. 0,2 gm. 
Potassium alum, C.P. 50 Grams 


Dissclve the hematoxylin in the distilled water, add the 
_ sodium iodate and the potassium alum, then allow to ripen in the sun for 
one month in a clear glass-stoppered bottle. Filter the stain before using. 


4, HEMATOXYLIN STAINING TECHNIQUE. 
a. Slide Method. 


The fixed and washed slide specimens prepared as outlined 
previously are carried through the successive steps in staining as follows; 


(1) Wash 10 inutes in 70% ethyl alcohol. 
(2) Wash.1O minutes in 70% éthyl alcohcl tc which has 
heen added sufficient iodine stain to produce a light mahogany color, 
ne Wash 10 minutes in 70% ethyl alcohol, 
(4) Mordant in the following solution(24 hours if us-+ 
in Heidenhein's stain, 1 hour if using Harris! or Mayer's stain). 
Iron alum (ferric ammonium sulphate), 


% aqueous soluticn 1 part 
Ethyl Alcshol, 50% 10 parts 


(5) Wash for 5 minutes in 10% ethyl alcohol. 
(6) Stain for 1 hour if using Harris! or Mayer's hemalun 
and for 24 hours if using Heidenhain's iron hematoxylin. 
(7) Remove from stain and wash in two changes of tap water. 
(8) Destain in the following: 
Iron alum, 2 to ie aqueous solution 1 part 
Ethyl alcohol, 50% 10 parts 
Differentiate by agitating each slide separately in the 
above solution until a light grey to blue tinge predominates; control the 
exact point by observing the staining definition of the -Tgenisn under the 
microscope every ‘few minutes. 
(9) Rinse in tap water, then wash for 10 minutes each in 
three separate dishes ‘of 70% ethyl alcohol. 
(10) Begin dehydration by two changes of 95%-ethyl lechol 
for 5 minutes each. 
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(33) Complete dehydration by two changes of absolute 
ethyl alcchol fcr 10 minutes each. 
(12). Replace the absolute eee ix ets! specimen by 
two changes of xylol for 10 minutes each. 
(13) Mcunt in Canada balsam. 


b. Methcd of Staining Protozoa in Bulk. 


In the staining of mucous surface protozoa of man there 3 
are almost as many variations in staining technique as there are workers 
in the field. The chief difficulties encountered in all of the better 
techniques of staining are; (1) keeping the organisms on the slide or 
cover slip during fixation and staining, (2) keeping the organisms free 
from distorticn and clear from the debris so that their internat structures 
are not obscured, (3) carrying out proper differentiation of the internal 
structures of the organisms at the time of destaining, (4) having a suf- 
ficient number cf well stained organisins on the slide after staining so 
that a diagnosis will not have to be made on a few more or less typical 
organisms, 


The following staining method not only satisfies the 
above requirements, but also affords a method »f concentration, thereby 
making it possible to secure satisfactory stains, from specimens’ contain- 
ing very few organisms, that could not be stained by other methods. The 
method of staining differs from cthor standard hematoxylin staining methods 
only in that the organisms are not fixed and stained on slides or cover 
slips, but are fixed and stained in bulk. The organisms are concer 
trated and then carried through the-steps of fixation and staining in 50 @@. 
centrifuge tubes. Very few of the organisms present in the crigin:- specf- 
men are lost during fixation, staining and mounting, The organisms are ~ 
natural and life like and are not distorted by the reagents or manipulations 
used. 


(1) Precautions. 


(a) There should be no delay in ccncentration, ex- 
amination and fixaticn of trophozoites after they have been secured from 
the patient. Needless to say degenerated crzanisms will not take a sat- 
isfactory stain. It is nct necessary to be so cautious in the immediate 
fixation cf cysts, but as a rule the quality cof protozoan staining pos- 
sible to secure, is inversely proportionate to the elapsed time after ; 
securing the organisms from the host or culture, and their subsequent 3 
fixation. BY 


(b) Destaining must be checked by frequent micro- 
scopic observations of the organisms being differentiated. Care should 

be exercised to carry the dostainins tc the point that there is sharp dif- 
ferential detail between the nuclear structures and the cytoplasm. ‘The 
common tendency with this technique is not to carry the destainins far 
enough. The organisms should be checked for structural detail after the 
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acid destain has been neutralized and if there has been insufficient de- 
staining they should be carried -back into.acid alcohol and further de- 
stained until the desired degree of differentiation has been secured, 


(c) The stained material must be properly dehy- 
drated before clearing in xylol. 


(a) Discard the supernatant fluid decanted off af- 
ter centrifuging, in each step of the procedure, cr if the alcohols and 
stains are tc be used over again, filter through a Berkefield N filter as 
there is danger cf carrying organisms in used alcohols and stains to the 
next case subsequently stained. 


(e) The material being stained may be left for 
2u to 4S hours additional time in any step of the staining procedure with 
the exception of the fixing solution and the acid alcohol destaining re~ 
agent. This allows the staining procedure to be carried out without inter- 
fering with the routine work in a laboratory. 


(2) Concentration and Fixation. 


(a) Fecal specimens. Thorcughly emulsify 20 cc. of 
feces in 200 cc. of warm (37°C,,) physiological saline in a settling flask 
or tall narrow cylinder, allow to stand for five minutes and then decant 
the supernatant fluid into two 50 cc. centrifuge tubes. Centrifuge the 
material at 1850 RPM for five minutes, then decant off the suvernatant 
fluid, save the precipitated residue of one tube for fresh examination 
and to the tube containing the other precipitate add 25 cc. of fresh 
Schaudinn's fixing solution. Thoroughly mix the precipitate and the fix- 
ative and allow the mixture to stand for at least one hour, preferably 
24 hours. 


(b) Cultures and other liquid specimens. Pipette 
the fluid containing the organisms directly into a 50 cc. wentrifuse tube 
and then centrifuge and fix the material as indicated above. 


(3) Staining. 


(Between each step in the subsequent precedure the 
material is centrifuged at 1850 RPM for 5 minutes, then the supernatant 
fluid is decanted off and the next solution added to the precipitated 
residue which is then thorcouzhly emulsified by rotation or stirring.) 

(9.) Wash the fixed material two times with distilled 
water. 

(>) Wash 10 minutes with 70% ethyl alcohol (contain- 
ing enough Gram's iodine te give it a light brown color. 


(c) Wash 10 minutes with 70% ethyl alcohcl. 
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: | (4) Stain by adding Harris's or Delafield's hema~ 
toxylin for from 1 to 24 hours, 


(e) Wash with tap water. 


(f) Destain by adding about 20 cc. of acid alcohol 
(1% HCl in 70% ethyl alcohol) to the stained precipitate in the centri- 
fuge tube. Mix the precipitate and the destaining solution and occasion-— 
ally stir the mixture with a wooden applicator stick. From time to time 
check the progress of destaining by taking one drop of the mixture, plac- 
ing it on a slide, applying a cover slip and then observing the progress 
of nuclear differentiation of the organisms under the high dry power of 
the micrpscope. The organisms will be fairly easy tu find in the average 
case and destaining should be allowed t> go on until the cytoplas.. is 


practically colorless and the nucleus stands cut sharp and clear. As secon — 


as the required definition has been obtained, add sufficient amaonia water 
(5 drops NH,OH in 50 cc. of distilled water) to neutralize the acid alco- 
hol and turn the solution bright blue. | ; 


(z) Wash with tap water, 


(h) Dehydrate with: 70% ethyl alcohol 10 mi. utes. 
tt 
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(i) Clear in xylol. 


(j) Thoroughly emulsify the stained cleared mixture 
in a minimum of xylol, breaking up all small clumps, then add sufficient 
thick Canada balsam to make a syrupy mixture. Then without further cen- 
trifugation place one drop of the balsam containing a suspension of the 
stained organisms on a clean slide, apply a cover slip and allow to dry. 


Permanent class room sets and multiple perma- 
nent mounts for file and consultation can be easily prepared by making 
more than one preparation in the final step. Stained material suspended 
in balsam can be kept in bettles and mounted on slides whenever desired. 

V. CULTURAL METHODS 
1. MEDIA 
a. The Boeck-Drbohlav Medium (R.E.S. Medium), 
The Boeck-Drbohlav medium is the one most generally used 
for the protozoa found on the mucous surfaces of man. In this medium all 


of the amoebae end mucous surface flagellates found in man, with the acep- 
' tion of Giardia lamblia, will survive and multiply and the individual char- 
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acteristics are better preserved. than’ in. beat other st ce This medium is 
prepared from: : 


(1) ges 
(2) Sterile Ringer's solution (Autoclaved at 15 lbs. 
pressure for 20 minutes and then allowed to cool) 


Sodium chloride 8.0 grams 
Potassium chloride Oye 
Calcium chloride Oe 
Distilled water 1000. ec. 


(3) Sterile horse serum (Must not contain tricrescl or 
other preservatives). 


Four whole eggs are emulsified in 50 cc. of the sterile 
Ringer's solution. Place 4 cc. =f this mixture into each test tube and 
sterilize in an autoclave as follows: Turn the steam into the outer cham 
ber of the autoclave until the jacket is hot, then place the tubes in a 
slanting position in the sterilizing chamber, close the dour and be sure 
that the vacuum exhaust valve is also closed. Turn the steam into d:th 
chambers of the autoclave and open the outside exhaust valve. At the first 
appearance of steam from this valve close it and allow the pressure to 
climb to 15 lbs., at which time shut off the steam and (caution) allow the 
pressure to declineto 0 of its own accord before removing the media. Re- 
peat this procedure on three successive days, stcring the media at roum 
temperature between sterilizaticns. Prior to use, 4 cc. of the liquid por- 
tion of the medium, consisting of sterile horse serum one part and Ringer's 
solution eight parts, are added. The addition of sterile whole wheat pow- 
der at the time of inoculation as outlined under St. John's medium will 
sometimes increase the rate of growth cf HE, histolytica. 


b. St. John's Wheat Broth Medium, 

This medium is of differential ies in the cultivation 
of amoebae in that only &, hist< ylytica can maintain growth in it. However, 
many strains cof E. histolytica can not be cultivate ail in it. The mediun is 
made as follows: 


(1) Powdered heart muscle 1 gram 


(2) Locke."s solution 1000 cc. 
Sodium chloride 8.00 cone 
Calcium chloride 0.20 
Potassium chloride 6 aa 
Magnesium chloride Ved! | 
Sodiun rh ae phosphate . 
(NaH PO Odes 8 
Distilled wit ee 1000 GG. ; 
Sodium bicarbenate 0.40 grams : 
Mix the above ingredients and boil in a double boil r for 


one hour, filter through medium filter paper and tube in 10-cc. ainounts, 
Then sterilize in an autoclave at 15 lbs. pressure fcr 15 minutes. 
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(3). Whole wheat flour is ground in a mortar until it 
will pass through a 50 mesh sieve (50 wires to the inch), then tube fou 
gram amounts and sterilize in an autoclave at 15 pounds pressure for 15. 
sostage, followed by drying in a hot air oven at 58°C. for twenty-four 
ours, 

(4) Just prior tc inoculating this medium, take up 
0.05 cc. of the sterile whole wheat powder in a clean, sterile, dry, wide 
bore cone cc. pipette and discharge it into the liquid medium by tapping 
. the pipette against the inside wall of the tube. 


(5) When amoebae cultured in this medium show sizns 
of degeneration or cyst formation, it is necessary to add 0.5 cc. of 
sterile horse serum to each culture tc revive them. 


2. QULTURE TECHNIQUE. 
‘Precaution, 


Protozoa of this type are quite sensitive to changes in 
the bacterial flora in vitro; they quickly die in the presence cf certain 
bacteria. Therefore, sterile precautions in sofar as is possible, should 
always be used in this technique. 


b. Routine Cultures. 


Using an applicatsr or wire loop inoculate a portion of 
the specimen about the size of a pea, consisting of fresh mucus, mucus 
and blood, .or concentrated cysts, into the liquid portion of the me..ium 
and thorcughly emulsify it there. Incubate at 37°C. and examine at the 
end of 24 and 48 hours. Flagellates growing in the medium will be found 
throughout the liquid portion while amoebae will be found in the very 
bottom portion of the liquid fraction. The specimen from the culture to 
be examined fcr amoebae is obtained by introducing a clean sterile 1 cc. 
Pipette, with the index finger held tightly cver the upper end, into the 
culture so that the tip is at the extreme bottom portion cf the liquid 
medium, then gently release the finger pressure allowing only 1/10 CC's 
of the material in contact with the bottom to run into the pipette. 
Resume the finger pressure on the upper end of the pipette and then with- 
draw it from the culture. The material in the pipette can then be used 
to transfer the culture, make fresh wet unstained or stained preparations. 
If it is desired to carry on the positive cultures they should be routine- 
ly transferred every 48 hours. However, the survivel of these organisms 
in culture depends a great deal upon the bacterial flora present. One 
in which E. are predominates is usually favorable and one in which spore 
bearers, Pseudomonas seruginosa, or Proteus vulgaris predominate is us- 
ually unfavorable. In the latter case transfers Should be made at 2l4 
hour periods. 


Cultures for amoebae that are not positive at the end 
of 4S hours should be transferred and further examined as follows; Allow 


pe A ee 


the culture to remain in the incubator. 2 hours, then without unduly dis- 
turbing it, remove all but 0.5 cc. of the supernatant fluid by means of 
a sterile pipette equipped with a rubber-nipple. Wash the slant with 
the remaining fluid and then transfer it:to new medium. The resulting 
culture should then be re-examined at 24 and 48 hour intervals beforé 
calling it negative. 


c. Method of Ridding Amoebic Cultures of Blastocystis hominis. 


(1) Lactic Acid Medium. 


| Prepare the following modified Locke's solution and 
_ sterilize it in an autoclave, at 15 pound pressure for 15 minutes, 


Sodium chloride 9.0 grams 

Calcium chloride 0.24 grans 
Potassium chloride 0.42 grams 

Sodium bicarbonate 0.20 grams 

Lactic acid, 1.0:N. Des Oty 


Distilled water q.s.ad. 1000.00 cc. 


With sterile precautions, mix 1 part of sterile horse 
serum with 7 parts of the cool, sterile Locke's solution. Then add 5 cc. 
of the resulting solution to previously prepared sterile egg slants, i.e., 
the solid medium prepared for Boeck-Drbohlev mediun. 


(2) Amoebic cultures containing Blastocystis hominis are 
treated as follows: Add sufficient sterile 1 to 10,000 neutral acrifla-— 
vine to Ringer's solution to the supernatant fluid of an amoebic culture 
on sboeck-Drbohlav medium to make a 1 to 50,000 solution. Incubate at 
aT C. for 24 hours, transfer the culture, repeat the process and then 
transfer the culture to lactic acid medium. Transfers of the lactic. acid 
medium cultures are made at 24 hour intervals for three successive times 
and then the culture is transferred to straight Boeck-Drbchlav medium. 
There will still be some Blastocystis hominis present in the culture, but 
the organisms will usually all be in & dssenerated condition and will 
completely disapnear upon successive transfers of the culture. In case 
they do not, the entire orocedure is repeated. 


VI. LABORATORY ANIMALS. 


Laboratory animals are of no value as a diagnostic procedure is 
this group However, in the case of E, histolytica, the virulence of this 
organism can be tested by injecting cultures or freshly isolated tropho- 
zoites into the rectum of a young kitten by means of small catheter - nd 
syringe. An acute fatal dysentery is usually produced. 
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ing the microscopic fields. 


AND SUPROPEYTES FOND. on THE 2 MODUS SURFACES OF ‘MAN. 


I, THE AMORRAE.” 
1. FRESH UNSTAINED WET_MOUND. 


The wet freeh imeteined mount prepared as outlined under gene am 
eral methods is examined systematically covering the slide without repeat- 
Amocebae in the live state have a particular | 
‘refractive, translucent, granular character which easily differentiates 
them from other objects in the specimen. 
and will greatly aid in picking out the amoebae when the slide is being 
rapidly examined if the high power objective of the microscope is focused 
slightly above the objects in the preparation. 
trained amocbae may be recognized under the low power objective and then a 


If the cbserver is well 


% 


This property can be exaggerated — 


switch made to the high power objective to determine the detailed character- 


istics. 


found to be of great aid in species determination. 


DIFFERENTIAL POINTS TO OBSERVE IN AMORBAE IN FRESH SPECIMENS 


TO DETARMINE THETR SPECIES. 
Size and color, 


Differentiatiun of ectoplasm and endoplasm. 


Granularity of endonlasm and presence of cell inclusions. 


Nucleus - visibility, location when in motion, size. 
(active 
Motility, type (sluzzish 
(orogressive or non-orogressive 


(single (clear 
‘ Pseudopodia ( or CoP 
(multinle (zranular 
he (slow 
Flowing of endoplasm into pseudopod ( or 
(explosive 


(red blosd cells in endoplasm 
Presence or absence of (bacteria in endoplasm 


Presence of (food vacuoles 
(contractile vacuoles. 


Presence and characteristics of chromatcid bodies. 
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If the outline below is followéd in studying amocbae it will be 
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£1, + Cultural characteristics (and St. John's Mediun 
: (on successive transfer. 


AFTER ADDING LUGOL'S SOLUTION TO MOUNT 


1. Nucleus - size, share, distribution of chromatin, and Size and no 
ity of ot cation al Location oF karyosome. 


eae Presence oF glycogen shaven? 


3, Oysts, if present - character of, size, number of nuclei and type, 
visibility, aoe bodies. 


2. STAINED SFE RCINENS. 


Stained specimens should be made of all amoebae where species 
can not be recognized readily in the fresh unstained state, 
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Cultures properly made will increase the number of positive 
findings and allow further study in determining the true species of an 
amoeba. 


4, CONCENTRATION FOR CYSTS. 
Concentratisn methods fcr cysts should be done routinely on 
all fecal specimens thet are examined. 


5. THs THE COMPLEMENT-FIXATION BEST. 


At the present time this test is still in the experimental 
stage. in its developnent. It prebably will beccme of practical diagnostic 
sienificance when a true H. histolytica antigen can be developed. The 
preparation of such an antigen requires that the organisms be grown in 
pure culture in the absence of bacteria, and to date this has not been 
accomplished, or at least has not been reported in the literature. 


6. CHARCOT-LEYDEN CRYSTALS. 


Charcot-Leyden crystals are indicative of chronic inflammation — 
and are often found in the feces. 


| 


7. DIFFERENTIATION OF AMOEBIC AND BACILLARY DYSENTERY. 


Differentiation of amoebic and bacillary dysentery can pre- 
sumptively be done by the general character of the fecal exudate. However, 
one may complicate the other and amoebic dysentery in the presence of 
severe bacterial secondary invasion cf the ulcers may have many of the 
characters of a bacillary dysentery. Therefore, every effort should be ex- 
erted to demcnstrate the causative srganism in each case. The main differ-— 
ential points are shown in Table 87. 
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) TABLE 87 
DIFFERENTIAL DIAGNOSIS TABLE* ON THE FECAL EXUDATES 
IN BACILLARY AND AMOEBIC DYSENTERY 


Exudate Bacillary Dysenter Amoebic Dysentery 


Blood Varying amounts Small amounts to actual 
hemorrhage 
About 90% of exudate. Few. Oytoplasm of some of 
| Many show nuclear de- those present shows degen- 
Polymorphoneutro-| géneration (ringing). erative changes and in such 
philes Cytoplasm frequently the nuclei may appear 
contains fat. pyknotic. 
Present in varying Not seen except in cases 
numbers. Actively also having bacterial 
Endothelial phagocytic, frequently dysentery. 
macrophages contain erythrocytes and 


leucocytes. Undergo 
toxic degeneration; 
"shost cells", 


Plasma cells Present, relatively more |Present in small numbers. 
abundant early, 


Pyknotic bodies Proportionately insignif-] Constitute about 80% 


icant, but are found, of cellular elements. 
EH. histolytica Absent unless the two Present and must be 
trophozoites diseases are both present} found to make diagnosis. 


Amount of exudate}, Massive, a large part 
actual hemorrhage} of the stool. Small. 
excluded 


Bacterial content| Low Very high, usually. 


* The Cytological Diagnosis of Dysenteric Conditions and its Application 
in the Military Service. Major George R. Callender, M.O., Military 
Surgeon, June, 1925, 
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“ ‘CONFUSING OBJECTS. ig | 
eidriad Tissue Gels. oe renee 


Animal tiasus cells derived from the host or inecated as 
food may at times appear like amoebae, but carefulexamination of tom will — 
easily establish their true nature. Macrophages may be found conta ining © fe 
re red blood cells, but examination reveals their typical metaz 
nucleus and as a rule amoeboid movement is never observed. Upithelial ce: 
are pale in color and have metazoan characteristics that easily differen- 

_ tiate them, 


b. Vegetable cells. 


Vegetable cells aig as starch granules, pollen gramiles, — 
yeast cells or other cells of this type have a certain definiteness of 
outline and structure which should lead to no confusion. However, yeast — 
cells, such as Blastocystis hominis, may be temporarily confused with 
cysts of amoebae. The presence of. budding forms and the particular struc- 
ture as illustrated in sees Sond 59 should cause no difficulty in differen- 

_ tiating scat eas tae a 


iG spe ies aug structure of these Paeas aeny it 
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ree to readily determine their species, Be 
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STAINED PREPARATIONS. 


Po Preparations stained by epria! or datdenhainie. nothoa 
used for detailed study of the saath a characteristics. 


a 


CULTURES. - 


Cultures in R.E,S. medium will sometimes be positive te 
het organisms when they can not be found in the fresh specimen. Balan 

_ tidium coli is cultured with difficulty, but these organisms are so large 
thet tl they can hardly be ne REO Me | for this reason culture is usually 
Peet Cc ory. 


Me CONFUSING OBJECTS. : 4 Oe 


4 : Confusing objects are ous accidental contaminating free 

living protozoa which are readily differentiated by the type of nucleu € 
. and. presence of contractile vacuoles. For details see discussion of tk 

- organisms. y 


: 

“oe 7 

W: ; 

a 

- | 

ee 

ase 

are 

a * 

a be 

r 5s 

x 

6. 

Pk 
9. 

nk : 

3 iLO 
ck 
te e 
13, 


Blacklock, D. 3B. and Southwell, T,, A Guide to Coen Parasitology, 


Baltimore, the Williams and Wilkins Co., 1932. 


Boyd, Mark F., An est bnaitet 4k to Malariology, Cambridge, Massachu- 
setts, Harvard University Press, 1930. 


» Calkins, Gary N., Biology of the poeeeeers Philadelphia, Lea and 
Febiger Co., 1926, 


Craig, Charles F,, The Malarial ovewe: New York, ‘esa Wood and 
Co., 1909. 


Craig, Charles F., Laboratory Methods of the United States Army, 
‘Third Edition, Philadelphia, Lea and Febiger Coe, 1929, 


Craig, Charles F., Parasitic Protoz2a cf Man, Philadelphia, J. B. 


Lippincott Co., 1926. 


-Dobell, Clifford and O'Connor, F. W., The Intestinal Protozoa of Man, 


New York, William Wood and COs Mets 


Hegner, Robert and Talieferro, W. H., Hunan Protozoology, New ° rk, 
The MacMillan Co., 1924, | 


Manson-Bahr, Philip H., Manson's Tropical Disease, Ninth Zdition, . 
New York, William Wood and Co., 1931. 


- Rogers, Sir Leonard and Mégsaw, Jchn W. D., Tropical Medicine, Phila- 


delphia, P, Blakiston's Son and Co., Inc., 1930. 


Stitt, B. R,, The Diagnostics and Treatment of Tropical Diseases, 
Fifth Edition, Philadelphia, P. Blakiston's Son and Co., 1929. 


Thompson, John Gordon and Robertson, Andrew, Protozoology, New York, 
William Wood and Co., 1929. 


Wenyon, C. M. Protozoclogy, New York, William Wood and Co., 1926. 


Reet 


+ 


Phylum Platyhelminthes, Claus, 1871. 
Class I Cestoda 


The Cestodes or tapeworms are endoparasitic and the adult worms are 
found exclusively in the intestinal tract of the host. The adults of this 
class are flat ribbon-like, segmented worms with relatively small heads 
as compared to the size of their mature body segments. The heads bear 
sucking organs for attachment to the mucosa of the host's intestine. In 
addition, the head may have a rostellum which in some species is armed 
with characteristic hooklets. The posterior part of the head of the adult 
worm is a proliferating area, continuously supplying young segments. A 
digestive system is entirely absent, nutrition being carried on by direct 
absorption. All of the worms of this class are hermaphroditic (they 
contain both male and female generative organs.). The ova usually contain 
amass of cells among which are six minute hooks, This indefinitely 
defined embryo is called an oncosphere or hexacanth embryo. When the 
mature ova are ingested by a suitable intermediate host, the embryos are 
liberated in the gastro-intestinal tract and in most species invade the 
tissue of the host undergoing a period of development and in certain of 
the species propagation as well, When the tissue of the intermediate 
host containing the mature embryo is ingested by the definitive host the 
embryo develops into the adult worm, A single species of animal may be 
the definitive and intermediate host for some of the worms of this class. 


Of the tapeworms found in man, D, latus requires three hosts, H, nana re- 


quires only one, and all the rest require two. It is of greatest impor- 
tance to remember that the eggs of H. nana, T. solium, and E. granulosa 
are infective to man. When he swallows H. nana eggs, both the larva and 
subsequently the adult worm develop in him; when he swallows T. solium 

or E. granulosa eggs, only the larval forms, Cysticercus cellulosae or 
Cysticercus granulosa develops, but not the adult. The larval stages of 
E. granulosa give rise to hydatid disease while that of T. solium gives 
rise to Cysticercus cellulosa cysts in the brain, eye, muscle, liver, etc. 
of man. : 


Definition of terms. 


1. The head of any tapeworm, whether adult or’larva, is called the 
scolex. ; 


2. If present, the terminal disc-like or finger-like anterior 
extremity of the head is called the ‘rostellun. 


3. The entire body of a tapeworm is called a strobila, 
A proglottid is a segment. 


5. Proglottides in which the reproductive organs are not developed 
or only partly, are said to be immature. Those in which they 
are fully developed and functioning are called mature, while 
those with a uterus containing eggs are referred to as gravid. 
The proglottides nearest to the head are always immature, those 
midway in the body are usually mature while those making up the 
posterior extremity are gravid, 
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gor piles genital pore i ‘al ope . oe 
of a proglottid. It may be single or double and is  aLianted on RE la cre 


al sides or center of the ventral surface. If its location is lateral, 
they may be all on the same side of f Apaagen tne proglottides or roughly 
alternate sides. 


7~ Oncosphére-is the term used in designating the embryo within 


_the egg which has within its cellular mass six miniature hocklets. — 
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Key to Genera cf adult cestodes usually found infecting man. 


Poenureuky Ob TLOAU SORT ACS: Cus cia di ee ave Vee be Laren io ae aire Dibothriocephalus 


as broad as long, uterus appears as a brownish patch, rosette-like in 


CS hs BART Pe eae goer irae Me fer mae 5 peek Sainte be RE © a - Dipylidiun. 


8. The ventral surface of. a proglottid is that nearest to which the 


‘ovary lies. In a majority of the species, this can be determined only by 


making sections, however, if the genital pore is COBTER SEY located, it is 
cn the ventral sido. 

2 9. Calcareous corpuscles are highly iefeactile bodies often spheri- 
cal, composed o ‘carbonate of lime, and measuring from p) to 2h u. They 
are found on or near the surface of the proglottides and scolex. 


10. Vitolline glands are glands which supply the nutritive eubnte a a. 


_ or yolk in the formation of an egg. 


1d: “Shell gland. Originally this gland wes: thought to be the organ 


- supplying the shell for. the eges. It is now known that this is nt the 


function of this gland. Its real function is not known. 


le. Sparganun. This is a term sepia to all Dabolatseyer re 
larvae (plerocercoids), the adults of. which are not known. 


1. Large worms with segments each having one genital pore situated 
On ne OL TNS Lever al  WAreinS 4s .yickic eet ss ips dows Me CREA OSS »ss Taenia. 


2. Large worms with segments each having one genital pore situated 


3. Small worms with segments up to 5 ma. in length and 3 im. in 
width, each having two genital pores, cne on each lateral 


4, mall worms, minute, thread—-like, segmentation only distinct 
under low power magnification, segments each having one genital pore q 
Situated on one of the lateral margins .......... dig ee eae ae -. Hymenolepsis. © 
Key tc species of usual adult cestodes infecting man. 


1, Tapeworms belonging to Genus Taenia, utcrus with from eight te 


ten main lateral branches on one side ,............ «.  Taenia solium. 
Uterus with 14 to 30 main lateral branches cn one 
BEC SEPA SALA Chae DS CAE UPR. PERE CRC LE . Taenia saginata. 


2. Tapeworms belonging to Genus Dibothriocephalus. Gravid segments 
dora gia in the center of each mature segment.,. Dibothriccephalus latus, | 
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3. apenoms beloncing to Genus Dipylidium tee 


- Dipylidium « caninun, 


4, Ranene mis belonging to Gems Hymenopelis he Segments microscopic, 
one genital pore .on cach segment and all pores on the same side of the 
worm, rostellum cf. seolex armed with single row of hooklets, length of 
entire worm 25 to 40 mms. ec ide cde a cones oe ea a Hywenclepsis nana. 


Bis Wienchareieds belonging to Genus Hymenolopesis — rostellum of scolex 
unarmed, length of entire worm 20 to 60 cm. mature and gravid segments 
0.8 to 0. Fey MEGS canis Here Hie i's uN WN Ma Slats db Hymenolepsis diminuta. 


Dibothriocephalus latus (Linnaeus, 1758) 


This worm is commonly know as the fish tapeworm due to the fact that 
infestation is contracted by cating raw, salted, pickled cr insufficiently 
cooked fresh water fish which have been previously infected by the para- 
Site. Man,.dog, cat, and f-x may act as definite hosts. This parasite is 
quite prevalent in the area about the Baltic Sea in Burope, also in Russia 
and Japan. A local focus has been established in the fresh water fishes 
of the lakes of Minnesota and the adjacent region in Canada by immigrants 
principally se area aie. Norway, and Sweden. This tapeworm is very long 
lived ta to 14 years) and sometimes produces a severe anemia not unlike 
that found in pernicious anemia. The anemia is thought to be produced by 
hemolysins liberated from the decomposing gravid seguents, It not only 
affects the circulating red blood cells but the blood forming bone marrow 
as well, There is usually a multiple infection in man. The eges of this 
species are operculated and are more commonly found in the feces than 
those of tacnia due to the fact that they are more readily liberated frcm 
the uterus, 


Morphology. 


The worm is usually 2 to 4 meters in length and its maximum width 
is 1 to 2 cm. The terminal segments are broader than they are long, or 
are nearly square. There may be as many as 4000 seements in the mature 
worm. The gravid segments tend to break off, not singly but in short . 
chains. The head or scolex is olive~shaped and has two groaves (b>thria) or 
located one on each side. There are no acetabulae or suckers, nor is a vi 
rostellum present as is found in the Taenia. The genital pore is located 
centrally on the flat ventral surface and when viewed microsccpically is 
divided into 3 sections, the antericr opening being that of the vas de- : 
ferons, the middle one the vagina, and the posterior one the uterus, The ws 
testes are very numerous and are scattered throughout the superficial 
layers of the segment. They cannot be distinguished frcem the vitalline 
glands without differential staining. The uterus arises as a straight 
tube, thin coils to a rosette form, finally cpening in the genital pore. 
In the *travid segments it appears as a brown, centrally located mass, Ay 
The eges are operculated, yollow to golden brown in color, and measure Hh 
about 70 to 44M. They can thus be differontiated from the operculated 
fluke eges of Fasciolopsis buski and Fasciola hepatica which are about 
150 M. in greatest diamcter. The eggs, when passed in the feces, contain 
an unsegmented ovum surrounded by yolk. When the feces containing the 
ezzs is diluted with water a hexacanth embryo develops in from 3 to 5 
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weeks depending on the temperature. Under these conditions, cilia appear 
and entirely cover the embryo or embryophore as it is designated. 


The operculun opens and the ciliated embryophore enclosing the onco- 
sphere, escapes and is then called a coracidium. The coracidium swims 
about freely by means of its cilia and unless it is ingested by its first 
host, a crustacean Cyclops streniun or sioptoms gracilis, it-.dies. 


Within the crustacean host, the cilia are lost and the larvae migrate into 


the coelomic cavity where it undergoes further development and then is 


“ealled a procercoid. After a period of 9 to 10 weeks, it’ is 600 to 700M.» 


in length and is now infective for certain species of fresh water fish 
(pike, perch, grayling, etc.) if they should ingest the infected crusta- 
egan. The procercoid larva is liberated from the crustacean by the 
digestive juices of the fish and then migrates through the intestinal 
wall of the fish, coming to rest in the fat of the mesentery or in the 
muscle tissue. It is n-w called a plerocercoid, and after a period of 
development it reaches a size of 1.5 cm. in length’and 2 mm, in width. 
It is grayish white in color and ribbon-like in shape, It is not 
destroyed by ordinary salting, pickling, cr smoking. 


It is infective for man, dos, or wolf, and if poorly smoked, raw or 
insufficiently cooked fish are eaten, the plerocerc:id larva is liberated 


in man's gastro-intestinal tract and attaches itself to the mucosa and is 


now a true scolex, It gives rise to a chain of segments forming the 
mature worm. During the early developmental stages it sometimes increases 
in length by as many as 30 segments daily. Within a period of 3 t §. 
weeks frem the time of ingestion, mature segments and ova will be passed 
in the feces. 


Labcratory diagnosis ~- finding of characteristic operculated ova 
or proglottids in the feces. There is usually a relative ecSinophilia 
(3 to 15%) . Anemia with an increased colcr index may or may not be found. 


Sparganum proliferum (Ijima, 1905), Stile, 1908 


This larval parasite has been found in certain districts of Japan 
and in Florida. The adult form is unknown, but the plerocerccid larval 
forms occur in larze number in cysts in the subcutaneous tissues of man. 
These cysts measure about 3 to 12 mm. in leneth by 300 M. in width. The 
larva are narrower anteriorly but do not contain srooves as they are not 
fully developed. These plerocercoid larvae proliferate by budding so 
that in the older cysts there may be as many as seven larva present. 

The cysts fecal like rice grains or shot in the subcutaneous tissue and 
five rise to a severe acne-like condition, with oedema of the surrounding 
tissue and regional lymph gland enlargement. Occasionally deeper 
structures are involved by the cysts. 


Laboratory Diagnosis. Biopsy with isolation of the plerocercoid ~ 
larva from the cysts which, if observed, are usually motile. 


Tacnia saginata (Goeze, 175%.) 


This is the beef tapeworm and is the most common large tapeworm of 
man. It is world wide in its distribution and is contracted by th 


ingestion of insufficiently cooked beef which contains the live 
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7 cus bovis om “Any person Sarhorine this as in his 
intestinal tract is soon aware of its presence due to the fact that the 
gravid proglottids become detached and are motile. They sometimes migrate 
out of the rectum singly or rarely in short chains and are then discovered 
in the under clothing. If passed in the feces they usually show motility 
and will be seen making undulating, progressive serpentine movements about 
the fecal mass. They apparently are seeking to leave the fecal mass as ss 
far as possible before disintegrating and liberating the mature ova. is 
This characteristic would enhance the possibilities of their being 
ingested by cattle due to their distribution over a wider area. The | 
motile gravid segments are sometimes mistaken for flukes but careful 
examination readily establishes their true identity. 
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Morphology. 


The worm usually contains more than 1000 segments and measures 3 to 
4 meters in length. The strobilla tends to be pleomorphic. There is 
considerable variation in size and shape of comparable proglottids and Se 
at times of the scolices between different individual parasites of this ‘ 
species. The scolex is about 1.5 to 2 mm. in diameter and does not con- i 
tain a rostellum or hooklets. Four round to oval acetabulae or suckers 
are symmetrically located about the head and serve as the sole organs of 
attachment. The neck is about one half the width of the head and twice 
as long. The gravid proglottids are about 5 to 7 mm. in breadth by 20 : 
ma. in length. The genital pores are lateral in position and roughly % 
alternate sides. The ovary has only two lobes and.the uterus in 12 i, | 
gravid proglottids is an elongated central longitudinal tube with 14 to ; 
30 compound dendritic lateral branches on each side. In such segments 
the other reproductive organs have atrophied and the remaining structure 
is nothing more than an egg sack. The eggs are ordinarily indistinguish- 
able from those of T. solium but if the embryonic membrane is still 
present it has two delicate polar processes which are not found on similar 
ova of T. solium. The eggs are 30 to 38 M. in diameter and are usually 
pale buff in color. The outer membrane or shell is a thick walled struc- 
ture perforated with minute pores which on examination under the 
microscope give the impression of radial striae. Within the shell is a 
fully developed embryo Sean el with three pair of clearly distin- 
guishable hooklets. 


Life history. 


Man is thought to be the only definitive host of this parasite. 
When the eggs or gravid proglottids are passed in the feces of man and 
subsequently contaminate forage, water or pasture land, the ova may be 
ingested by cattle or in rare instances by closely related herbiverous 
animals, (buffalo, giraffe, and llaae). Within the gastro-intestinal 
tract of its intermediate host the larva emerges from the shell of the 
egg and penetrates the intestinal wall, gains entrance to the lymphatics 
or blood stream and then finds its way to the connective tissue areas in 
striated muscle. The most comuon side of localization is the pterygoid, 
tenderloin, tongue and heart muscles. When localized in the connective 
tissue of muscle the larva develops into a cysticercus (bovis) which is 
coumonly called a bladder worm. The larva is an ege shaped milky white 
object, frequently translucent and measures 7 to 10 ma. in breadth by 
4 to 8 ma, in length. Within the bladder is an invaginated miniature 
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the larva within a period of one year. The only observable remnant of 
the larvae after that time is a calcified or caseous mass. ~~ 


If the live Cysticercus bovis larvae are ingested by man, (this is 
frequently the case when rare beef that has not been carefully inspected 
is eaten),* the scolex evaginates itself when the cystecercal wall is 
digested away and attaches itself to the gut wall where it begins to 
grow. Hight to le weeks from the time of attachment gravid proglottids 
and ova are being passed in the feces. 


*U. S. inspected beef is a safe product to use in that the inspections 
are cerefully made and in addition storage under refrigerated conditions 
with the temperature low enough and the time long enough to kill any of 
the larvae that may have been missed by the inspection. Storage, fresh 
or pickled,under refrigeration, 36° F,, for 3 weeks, or 15” F. or lower 
for 6 days. 


Laboratory Diagnosis. The findings of large gravid proplottids with 
a single iaterel genital pore and with 14 to 30 lateral branches to the 
uterus. ‘To visualize the uterine branches fix the proglottid in hot 
(70° C.) 3% formalin for 5 minutes and then place it between. two slides. 
If the mounted specimen is held up to the light, the uterine branches will 
stand out as white lines extending out from the central stea. Th oc is 
usually no differential increase in ensinophiles. 


Taenia sclium (Linnaeus, 1758). | 


This is the pork tapeworm, and is sometimes designated as the armed 
tapeworm due tc the fact that the rostellum is armed with a double row of 
hooklets. It is world wide in its distribution and may be found wherever 
raw or insufficiently cooked pork is consumed. It is most prevalent in 
Europe and certain sections of the tropics but is a relatively rare 
infection in the United States. This infestation iscontracted by in- 
gestion of live cysticercal larvae in p*rk that has been insufficiently 
cooked. These larvae are not killed by cold storage and are resistant 
to even freezing temperatures. Smoking or pickling does not kill them 
but they are readily killed by ordinary cooking temperatures. The egzs 
of this parasite are also infective to man, and if ingested, the larva 
upon being freed from the cg shell invade man's tissue and form cysts 
(Cysticercus cellulosa) in the muscles and organs of the body. 


Morphology 


The adult worm is usually made up cf from 600 to 800 segments and 
measures from two to three meters in length. It is usually smaller than 
T. saginata. Malformed segments or scolices are not uncommonly found in 


specimens of T. solium., The scolex is abcut 1 mm. in diameter and is 
roughly quadrate in shape, It may rarely show some pigmentation. A 
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ostellum is present and is arned with a double ro 


-rostellun is i ow of alternatine large 
_ and small hooklets numbering as a rule from 22 to 32. Four protupsrant 
cup-shaped acetabulae or. suckers are symmétrically arranged in the same 
plane about the head. They, with the rostellum, serve as the organs of 
attachment. The neck is about one-half the, diameter of: the head. The 
imaature and mature segments are usually longer than broad and are 
. strikingly like those of I. saginata, differing only in minute. detail. 
The ovary which lies in the posterior portion of each mature segment has 
3 lobes, a symmetrical pair and an accessary lobe on the side containing 
the genital pore. (1. saginate has only a two-lobed ovary). The uterus 
in the mature segaents is a central lonzitudinal tube with 8 to 10 | 
aig edad dle branches on each side. tT. saginata has 14 to 30 branches 
Oo a. Side, . j 


The eggs are ordinarily indistinguishable from those cof T. saginata 
unless the embryonic membrane is still present. If presont it does not 
' have delicate polar processes as does T. sazinata, 


Life histsry. The adult stage of this parasite is found only in 
man and there is usually only a single parasite present. Several sravid 
segments are usually passed in the feces together as a short chain. They 
usually show slugisish motility but as a rule do nct have enough power to 
migrate from the rectum of their own accord. When the egvs of gravid 
proglottids are passed in the feces cf.man they remain in the area of 
the fecal deposit and if ingested by other animals (principally pigs -- 
rarely man, sheep or dog), the larval staze is liberated from its shell 
by the digestive juices and then penetrates through the mucosa and invades 
the blood or lymph stream where it ultimately lodges in muscle, or some 
organ of the body, and develops ints a cysticercus. This cysticercus 
larva (called Cysticercus ¢ llulosa) develops until it is oval in shape 
and about 5 x 10 mm. in size. It has an opalescent, grey, milky, trans- 
lucent color. It is readily visible to the naked eye and when observed 
in muscle, imports an appearance known as measly (pork). 


7 Cysticercus cellulosa infections in man are crdinarily the result 

of the ingestion of oges of T. sclium through cither contaminated food 
or water. It is possible for a person infected with the adult T. soliun 
to ingest the egys through contamination of his hands and mouth parts 
from his own fecal excrement. It is the opinion of some helminthologists 
that auto-infection sometimes takes place due to gastrco-intestinal upscts 
with reverse peristalsis. Egzs are carried from the intestines up into 
the stomach where action of the digestive juices on the egy shells cause 
the larvae tc be liberated, whereupon they invade the tissue and eventually 
lodge in muscle or organs of the body, giving rise to Cysticercus 
cellulosa disease. 


When insufficiently cocked pork contaminated with live Cysticercus 
cellulosa larvae is ingested by man, the cyst walls are digested away 
and. the miniature armed scolices evaginates and then attaches itself to 
the intestinal wall. Development of the adult worm then bezins and 
within a period of frem 5 to 12 weeks adult segments anc egzs are being 
passed in the feces. The adult worms according to Feust may live as 
long as 25 years in the intestinal tract of man. Any person infected 
with T, solium is of great danger to any other person in contact with hin 
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‘. or his surroundings due to the danger of contracting Cysticercus cellulose 
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bareetiene. Hoge soon as dieenoaed he atcule 1 ve ‘Yeolated until rid of the @ 
parasite and his fecal excrement should: be: disposed « of by burning one a 
th.rcughly mixing with a 10%. cresol SOLUb LON i ee 


pepe etry Diagnosis. ae OMe 
1. The finding of large tapeworn neoslottide with a ‘single lateral | 
genital pore and 7 to 10 lateral branches of ae uterus in the feces of man. 


. &, If the proglottids are stained and blenbed,: a three-lobed ovary 
can be demonstrated. | 


» 3. Following treatment the recovery of a large tapeworm with an 
arned scolex. 


Echinococcus granulosa. (Taenia echinococcus) (Batsch-1786, Rudslphi, 1805) 


This is the tapeworm, the larval staze of which causes hydatid 
disease of man. Hydatid disease is world wide in its distribution, 
principally among people closely asscciated with livestock and dogs. Dog, — 
wolf, jackal, and cat are the definitive hosts of this parasite, while ns 
' sheep, cattle, horses, goats, pigs, and rabbits are the intermediate or 
larval hosts. This parasite is quite ccmmon in Australia, Russia, Ice- 
land and temperate South America but is rare in the United States. 
McGath of the Mayo Clinic, in reviewing all of the reported cases in the 4 
United States (482) doubts if more than 5% of the cases cf human infection — 
with the larvae of this narasite were contracted in the United States, 
All other cases were either immigrants or people who had soent some time 
in an endemic area elsewhere. 4 


. 
-Morvholcezy. | 


Echinococcus granulosa is a minute taneworm and is usually nct~ over 
one (I) Géntimeter in length. Unlike other tapeworms the strobila cone 
sists of a head and only three to four proglottids of which one is 
immature, one or two are mature and only one (the terminal segment) is 
gravid. The head is pirif<rm in shepe and is 300 M. in diameter. A 

restellum is present and is armed with a double row of 28 to 50 hocklets, 
teas symmetrically placed oral acetabulee or suckers are present. The 
neck tapers backwerd from the head and is narrowest just anterior to the 
first segment. The seccnd segment is mature end shows fully developed 
sexual organs. All segments are broader than long and the terminal gravid 
segient contains a uterus which because cf lateral evaginaticns gives the 
‘appearance of a loosely twisted coil. When the uterus is filled with eggs 
it bursts open and the cva are liberated. This may occur before or after 
the gravid segment is detached from the remainder of the worm. The ezes 
when liberated are surrounded by an_embryonic membrane which soon 
disintevrates. The egs as found in the feces of dng are indistinguishable — 
from that of pe solium or T, saginata. 
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Life History. 


Dogs infected by this varasite usually harbcr a great number f the 
mature worms in their intestinal trect. When passed in the feces, the 
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re scattered with xcer ent end conven ate ‘pasture 
anc, forage, or water. There they are usually ingested by their must 
favcrable intermediate host aie (Man or any of the herbiverous 
animals may act as intermediate hosts). When the eggs reach the intesti- 
nal tract they break from their shell and penetrate the mucosa and gain | 
entrance into the blood stream where they are carried to various parts 

of the body. The greatest number land in the liver. A lesser number in 
the lungs and scattered individuals in the remainder cf the organs and 
tissue. By the end of three weeks a larvel cyst 250 M. in diameter is 
formed by each parasite surviving, and the body of the host is begimning 
to form a defensive wall cf scar tissue about the parasite, By the end 
of 5 months the cysts are 1 centimeter in diameter and now show 
differentiaticn into an outer cuticular elastic fibrious layer and an 
inner germinal layer. Cysts like evaginations cf the germinal layer are 
now prctruding inward into the fluic contents of the cyst. These soon 
show invaginations with the formation of scolices. These daughter cysts 


_at times became detached and eventually may give rise to granddaughter 


cysts. Thus a zreat number cf scolices are produced Secu. one original 
larva. These granular scclices are somotines designated as hydatid 
sand. They usually are all alive and infective. If the cysts are rup- 
tured, the scolices will scatter through the tissue and give rise to new 
cysts, In addition, the fluid contents cf the cysts are quite toxic and 
inay cause shock if taken up by the circulation. The primary cyst formed 
by the larvae may develop ints a simple unilscular cyst or at tines 

inte a multilocular cyst. The multilocular cysts are thought by some 
helminthologists to be due to a separate and distinct species of 

E. granulosa. 


If raw meat containing hydatid cysts is ingested by dogs, the scclices 
are liberated by the digestive juices and develon into mature worms within 
@ vericd of three weeks. 


Laboratory Diagnosis. - (Of hydatid disease) 

1. Intradermal test. 0.2 cc. of a sterile hydatid fluid is injected | 
intracutaneously, a wheal with an cut erythematcus zone appears within 
15 minutes and both gradually fade, followed by a delayed secondary rise 
several hours later. 


2. Precipitin test. 


3. Complement fixation test. : 

4. X-ray. 

5. Surgical removal of hydatid eyst followed by histc ae 
examination. 


Hymenolepis nana, (v. Seebold, 1852 - Blanchard, 1891). 


This is the dwarf tapeworm and is the most frequent cf all tapeworms 
encountered in man, It is world wide in its distribution and is 
frequently found in the United States and its nossessions. It is closely 
related or identical with the dwarf tapeworm cf rat and the inouse. 


(Hymenclepis nana vir. fraterna). 
, = (5 = 
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Morphology. 


The strobila has a length of only 25 to 40 mm. and its maximun 
diameter does not exceed 1 mm. The head is rhomboid in shape with a 
maximum diameter of .32 mm. There are four acetabulee or suckers present 
and a rostellum armed with a single rew of hooklets numbering 20 to 30. 
The neck is long and slender and the proximal segments are very narrow 
and short. The mature and gravid segments are three to four tines as 
wide as lenge. The strobila usually contain about 200 segments an the 
largest gravid ones are about 0.03 ma. in length by 0.9 mn. in width. 

The gravid segments drop off from the worm cne-by one and then rapidly 
disintegrate, liberating the ova. Gravid segments are seldom found in 
feces. . The egrs are 30 to is M. in diameter and are snherical or slightly 
oval in shape. The egizs as seen under the micresccye show an outer shell 
and two inner membranes surrounding the onchcsphere or embryo. The outer 
membrane has two diametrically onposite polar thickenines, from each of 
which arise 4 to 8 thread-like filaments. (These polar thickenings and 
filaments are nct present on the only other helminth egz (Hymenolepiés 
diminuta), that resewbles that of H.-nana.) The -nchosphere contains 

three pairs cf lancet shaped hooklets. 


Life cycle. 


The gravid proglcttids disintegrate in the fecal contents cf the 
host's gut and liberate the ez:s which, when passed in the fecés, may 
eventually contaminate food or water. Sometimes through carelessness on 
the »vart cf the individual infected, the hands may become contaminated 
with the egrs and by this means carried directly to the mouth. All egzs as 
passed in the feces are infective for man, and when ingested and subjected 
bo tac ection of the di-estive juices the larvae eerie fr..i the shell ane 
penetrate the mucosa of the terminal portion of the ileum where they round 
up and form cysts within the villi. The cysticercus thus formed is called 
a cercocyst. After a period of develonment the cyst ruptures into the. : 
gut contents liberating the new formed scolex which attaches itself to the © 
mucosa, Within the period of two or three weeks the worm has reached - 7 
maturity and is liberating eggs in the feces. 


Laboratory diagnosis. Ae biel Ot 


The finding cf typical hoxacanth eges in the feces, with outer shell 
and two inner membranes,, the outer membrane having polar thickenings and 
filaments, in the feces. ‘ 


Rare species of Cestodes found infecting Man. 


. The adults of Dypilidium caninum, (common dog tapeworm), Hymenole is - 
diminuta (the common tapewsrm of the rat and mouse), Taenia confusa (Lite 
history unknown) and various snecies of Davainea (the common taneworms of 
birds and fowls), are occasicnally found infecting man. The larval forms 
of Multiceps multiceps (European dog tapeworm) and Diphylobothrium 
mansoni (Sino Japanese doz taveworm) rarely infect man. The incidence 
of these infestations is so small in the United States that for practical 
purposes they need not be extensively studied. They will be briefly 
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in nology : 
Phylum Nemathelminthes Vogt (fide Carus, 1863), 

The round worm parasites of man are found under the Class Nematoda 
Rudolohi, 1808. They are in general unsegmented worms bilaterally symme- _ 
trical, with three body layers and elongated rounded or filiform bedies. 
An alimentary tract is present with a mouth and usually an anal ovening. 
The coelomic cavity is large and no cilia are present during any stage of 
the life cycle. The sexes are usually separate. 


Definitions. 
Buccal vestibule - The cavity of the mouth. 
Cervical and caudal alag ~- Ridze or wing-like exoansicns of the cuticle. 
Cervical panillae - Minute fingerlike protuberances of the cuticle in the 
vicinity of the esophagus. : 
Chitin - A hard transparent substance forming teeth sr cutting plates. 


Cuticls ~ The outer dense translucent covering of the worm; corresponds to 
epidermis in mammals. 


Cloaca - The cavity in male nematcdes into which the intestines and vas 
deferens discharge. It is absent in females. 


Copulatory bursa —- A strong wing-like clasping organ used in copulation. 
Copulatory soicule —- The copulatory organ, 
Dentizguous ridges - Chitinous »rominences with serrated or toothed margins 


Gubernaculum ~ A chitinous elevaticn in the dorsal wall cf the cloaca. 
which acts as a guide for the copulatory spicule durinz copulation. 


Filariform ~ Applied t> the esonhasus of a larval nematode when it is long 
compared with the length of the larvae and does not have a posterior | 
dilated bulb. Larvae having such an escphagus are designated as a 
filariform. i 


Rhabditiform - a name applied to the esonhagus of a nematode larvae when — 
the posterior end is dilated into a bult. Larvae having such an 
esophagus are designated as rhabditiform. 

Ovinarcus - A female that lays eges. ‘aes a 


Parthenogenic - A female that produces young without fertilization by the 


Viviparcus - A female that gives birth to living larvae. (Hatching of the 
eggs having taken place in the uterus.) : 
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Ascaris lumbricoides Linnaeus, 1758. ae 


This is one of the most common helminths infesting man. It is world 
wide in its distribution and is particularly prevalent in certain sections © 
of the tropics. It is a very common human infestation in the Philippines, 
Porto Rico, Panama and to a lesser degree the southern United States. | 
In general it is prevalent in any country within the 60 degrees Fehren- 
heit isotherm where there is adequate moisture and improper disposal of 
human excrement. It is thought by many to be identical with ascaris 
found in hogs, ‘however, human experiments conducted by Japanese investi- 
gators (Koino 1922) seem to disprove this assumption. The sexes are 
separate and the females are about twice as long and one and a half times 
as great in diameter as the males. The eggs of this parasite are 
extremely resistant to chemicals and to a lesser extent to desiccation. 

They are readily destroyed by ordinary cooking temperatures, and are 
inhibited in their development by temperatures below 40 degrees F. 
Freezing, however, does not destroy them, they merely remain dormant 
until favorable temperatures are encountered. SHosinophilia, urticaria, 
intestinal discomfort and obstruction in some form are quite commonly 
encountered in individuals infested with this parasite. Infestations 
are usually multiple although occasionally only a single parasite may be 
present. 
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Morphology. 


The females of this species are usually 20 to 45 om, in length and 
about 3 to 6 mm. in transverse diameter while the males measure from 15 
to 25 cm. in length and 2 to 4 mm. in transverse diameter. They are 
pinkish to yellow grey in color and give the impression of trans. lucent 
outer wall with an inner cavity filled with thread-like organs. On 
each side a greyish white cuticular line extends the whole length of the 
worm. The heads of the male and female are identical and are mac. up 

of a mediam dorsal broad elliptical lip and a symmetrical pair of sub- 
median ventral lips all of which show fine teeth upon their exposed sur- 
faces. Hach lip has on its lateral margins a pair of minute papillae. 
There is a small buccal vestibule and a cylindrical muscular esophagus 
10 ta 15 mn. long leading directly to the mid intestine. The intestines 
terminate in a rectum which opens directly into the anal pore of the 
female and cloaca of the male. The posterior extremity of the fomale is 
straight and tapers to a point while that of the male is curved ventrac, 
Two retractile club shaped copulatory spicules are usually visible in the 
curved portion of the posterior extremity of the male and there are : 
several preanal and postanal papillae. Further details of the anatomical 
structures of these worms will not be discussed because they are of no 
practical importance in routine identification. 


Life History. 


The mature female ascaris discharge their fertile eggs into the - 
feces. If males are also present in the gut the female will have been 
fertilized prior to liberation of the eggs. However, in light infesta- 
tions with this parasite, males or females alone may be the only worms 
present. In such an event the eggs, if present, will be unfertile, It 
is estimated that the genital tubules of a mature female ascaris have a 
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The fertile eges as i heaen in fae feces are ve liowiek brown in color, 


oval in shape, with a thick transparent shell and an outer coarscly 
manmillated albumincus covering which is sometimes absent, They measure 
45 to 75 M. in length by 35 to 50 M. in their lesser diameter. Usferti- 
lized eggs are usually much longer and normally have a thin irreg iar 


mamuilated outer shell, filled with an unorganized mass of highly 
refractive granules. 


When.the eges are passed in the feces the embrycs are undeveloped but 
if exposed %c a temperature of 91 degrees F. under humid conditions they 
will develop “into rhabditifcrm sheathed larvac within a period of 9 to 13 
days. After this stage cf Gevelopment hoes been reached they are infective 
if mpegeted oy man and will readily hatch after passing into the intes- 
tinal tract. Under conditions that exist in tropical and subtropical 
ccuntries the period of development intc rhabditiforu larvae is usually 
about one month. After the raabditiform larvae have once developed in 
the eggs they are extremely mpherisved end may be still alive and 
infective if kept in moist soil for a period of 5 to 6 years. They will 


still be alive and m-tile within the ege after a period of twe years in 
2% formalin. 


kggs containing live rhabditiform larvae, if ingested by man, pass 
into the intestinal tract where they hatch and shed their sheath... The 
rhabditiform larvae are thread-like in shape, tapering at both ends and 
measure 0.2 to 0.3 mi. in length by 13 to 15 M. in transverse diameter. 
The larvae penetrate the mucosa and gain entrance into the blucd or lymph 
streams. They are carried by the circulation to the lungs where the 
majcrity of them ledge and undergo a further period of development until 
! thoy are 16 to 21 mm. in length. Their stay in the lug is marked by a 
pneumcnic reaction on the part of the host and in heavy infections the 
lunes may be almost completely consolidated as in lobar pneumonia. There 
is usually a marked (12 to 30%) eosinophilia at this stage. After this 
period of development the larvae migrate via the bronchi, trachea, epi- 
glottis, esophagus and stomach to the dahon tans s where after 6 tc 3 weeks 
they éevelop into mature woris and the females begin discnarging sgzs in 
the feces. The period of exposure to development of mature worms with 
Liberation of egzs in the feces is 2 ta of inonths. 

Laboratory diagncsis. 

1. Finding of typical inammilated eggs in the feces. 

e. Recovery of the large adult round worms following treatment. 
Enterobius (Oxyuris) vermicularis (Linnaeus, 1758) Leach, 1853, 


This is the pinworm or seat worm of man and is werld wide in its 
distribution. It is encountered particularly in children and individuals 
with careless uncleanly habits. Due to the fact that the ears are 
infective when liberated by the female pinworm and do not require an 
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families of the upper sccial:strata. Becau 


xtrinsic incubation period, occasional 


these eggs and the fact that they will live for about 10 days under 
conditions of desiccation that exist in the averaze American home, an 
infestation once contracted is very difficult to get rid of. If one 
member of a family is infested all including other intimate contacts will 
ba. Contaminated bath tubs, wash basins, towels, wash cloths and focd cor 
dishes are the most frequent sources of transmission from one individual 
tc another. Examination of vacuum cleaner sweepings from a house in 
which the individuals are infested with E. vermicularis will reveal, as a 
2, many viable egvs of this parasite. Pinworm infestations are quite 
common among married enlisted men and their families but are relatively 
uncomnion among soldiers, with 1 year of service or over, living in 
barracks. This is due to the fact that married soldiers usually live at 
home where there is no supervision of sanitation while soldiers in 
barracks are under strict sanitary contrcl. 


Surveys of Washington orphanages, schools and lower working class 
families by Hall and his associates (1936) have shown that from 12 to 
16% are infested with pinworm, Clinical symptoms frequently observed 
are vaginitis, rectal pain, gastro-intestinal upsets, depraved appetities, — 
constipation, insomnia, nervous irritabilities and lcss of weight. 7: 
Heavy infestaticn with pinwcrm can be as damazing to physical and mental 
development of children as light hockworm infestations. 


Morphology. 


Males and females of this species have the same type of head. It 
is slightly bulbous in shape and is made up of three labis which serve as 
the organs of attachment to the mucosa. The labis are capable of being 
retracted into the body. The posterior portion of the esophagus is j 
dilated into a bulb and the digestive tract is a straight tube. The females 
are fusiform in shape and about 8 tc 13 mn, long by 0.3 to 0.5 mn. in 
transverse diameter. The caudal extremity of the female tapers to a fine 
point and makes up about 1/3 the total length. That of the male is 
sharply curved ventrad, is somewhat bulbous in shaps, and near its termin- — 
cus is located a retractile, conspicucus copuletory spicule 70 M. in 
length with an acutely curved tip. .The anus of the fomale opens at the 
juncticn of the middle and posterior thirds of the body, while the vagina 
opens at the juncture of the anterior and middle thirds. 


Life cycle. 


The adult worms live in the coecum, appendix and adjacent parts of 
the colon and ileum. After fertilizing the female, the male dies «and a 
is passed in the feces, The female in a short tine becomes distended 
with cva, releases her hold on the mucosa and passes with the fecal 
currents to the rectum. She dces not liberato her eges into the feces but © 
migrates by active crawling through the rectum onto the perianal region or © 
even into the vagina if the host is a female. This migration usually 
takes place at night but may occur at any time. It is usually accompanied — 
by an intense itching thet gives rise to scratching. When the females ~ 
are upon the perineum they rapidly become desiccated and are either 
mechanically crushed by the hosts scratching or literally explode due to 
drying, thus liberating the embry .cnated egzs, all of which are mature and © 
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ae host while ‘scratching the perineum and are ‘carried avons to 

the mouth where they are ingested. Hgezs not picked up by the fingers of 
the host continually drop off into the clothing contaminatine the area 
frequented by the individual. This especially is true in bathrooms, 
bedrowms and. bed clothing. These egvs will remain alive and infective 
for at least i days but are usually not viable after 10 days. 


The gece ab freed by the.female pinworm | are oval in shape with one 
Side slightly flattened. They are 25 by M. in size and made up of a 
transparent outer albuminous shell and an inner embryonic membrane sur- Hf 
rounding a well developed embryo. a 


When the egg is ingested it passes to the small intestine and hatches 
into an embryo 140 to 150 M. in length. After a short period of develop- “ 
ment it passes to the coecum where it attaches itself to the mucosa and, pov 
within a period of three weeks from the time of ingestion, is mature and re: 
ready for egress from the bowel. Reproduction does not take place within i 
the human host and if reinfection could be stopped a person would be 
free from the parasite after the one generation (3 weeks). 


Laboratory Diagnosis, 
1. Demonstration of typical eggs from perianal swabbings. i 


2, Finding of adult pinworms on the perineum or in the feces. 


Trichinella spiralis (Owen, 1835) Railleit, 1895. 


This is the worm, the larval stage of which gives rise to the disease 
known as trichinosis in man, hog, rodents, and carnivorous animals. oe 
Infection with the larvae of this parasite is cosmopolitan in its extent ag 
both for man and animals. In most instences man contracts this infection 
by the ingestion of insufficiently cooked pork containing the live larvae 
of T. spiralis. Autopsy study of human cadavers in Boston, duffalo, ve 
Rochester, Minnesota, Washington, D. C., New Orleans, La., and San a 
Francisco show an incidence of infection varying from 3 to 25h. As 
embryos and not free éggs are liberated by this parasite, it is impossible 
for man or animals to contract this infection without eating meat contain- 


ing the live larvae. The majority of hogs probably contract the infection 
by the ingestion of uncooked pork scraos in garbage. Rarely the ingestion a 
of AE OS LOS rats may be the source. It has been estimated that from one- , 
half to 15% of hogs are infected with the larvae of T. spiralis, the ne 
greater percentage being among hogs fed on garbage from prs cities, ia 


Garbage fed hogs are indiscriminately slaughtered with grain fed hogs and 
as their meat. is inferior to grain fed hogs they are more often used for 
sausage making. If pork is cheaper than beef it is often mixed with 

beef in preparing hamburger meat for use at roadside cafes, resteurents and 
quick lunch stands. A rare hamburger in such a place stands a beta beri. 
of containing live trichina larva. Meat inspection cannot ¢limin: * 
trichina infested pork from being sold. However, if no raw pork is con- 
sumed and if a cooking temperature of at least 137° is reached in all 
parts of the meat being cooked all the larvae will be killed, Pork used 

in the preparation of sausages which are meant to be consumed without 


not exceeding 5° 


Morphology. 


The female worm measures 3 to 4 ma. in length and about 60 to 75 M. 
in its greatest transverse diameter. It is an elongeted round tapering 
worm having its smallest diameter at the oral end and greatest diencter 
at the caudal extremeity. The anus opens at the postericr tip and the 
vulva neer the anterior 1/5 of the body. The ova are formed in the ovary 
near the caudal extremity and by the time they have reached the vulva .have 
become embryonated and hatched. The larvae as liberated from the vulva 
are 90 to 100 M. in length and 6 M. in diameter and are capable of 
passing through the capillary beds of the liver and lungs once they gain 
. entrance to the circulation of their host. 


nsidered safe if it has 
By for 20 cays. eet j ee 


The males measure from 1.4 to 1.6 ma. in longth by 40 to 50 M. in 


_. diameter. They are. attenuated anteriorly and slightly bulbous poster— 
iorly. The cloaca cpens at the postericr extremity and is guarded by two 


eenical papillae. It is evertible during coitus. 


The encysted larvae are found tightly coiled in fibrous or calcified 
cysts measuring 0.8 to 1 mm, in dianeter in or near the tendinous 
insertion cf striated muscle. 


Life Cycle. 


When live encysted trichina larve are ingested by a suitable hest 
the digestive juices dissolve the cyst capsule and liberate the larvae. 
The larvae then pass into the small intestines and attach themselves to 
the mucosa where further growth takes place. By the end cf the 3 to 5 
days development is nearly complete. The males fertilize the females 
‘and. then die. The viviparcus females then migrate further into the mucosa 
and eventually coize to lie in one of the lymph channels or partially in 
a small venule. By the end cf seven to twenty days embryos are being dis- 
charged into the blocd strean, from 1000 to 1500 embrycs are liberated by 
each female. 


The small HOR Le Lalewbie pass readily through the liver and lungs to 
the arterial circulation where they are carried to the capiallary beds of 
tne .uscles,. Thése l-rvee triple their size and then encyst near the 
tendinous insertion of the muscle fibers. They are present in gsreatest 
numbers in the muscles of mastication, respiration eandjhonation, although 
they may be found in any striated muscle. They may be found in this 
position as early as 9 days following the initial infection and will 
continue t: increase in numbers present up to the 40th day. During the 
pericd of invasion, fever, leucocytosis, eosinophilia (40 to 60 present) 
muscle pain, nervous irritability and sometimes meningitis symptoms may 
be present. 


Laboratory Diagnosis,. 


1. Demonstration of encysted trichina larvae in; 
(a) Biopsied muscle or muscle from cadavers. 
(b) X-ray demonstration of encysted calcified larvae, 
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Life Cycle. 
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Trichoce he lus, we gies ee (Linnaeus, 1m) Blanciatd, 1895. 


This is ine bumanvhip or thread worm ans is mite comion in warn 
moist climates although it may be found elsewhere. It is quite common 
in the United States and possesseions. This worm although very persistent 
when once established in the large gut of man does not seem to give rise 
to nearly so much damage as the other helminths, The whip worms of ani- 
mals (dog, sheep, etc.) are not known to be infective for man, 


Moroholozy 


In shape and general appearance this worm resembles a whip. Its 
anterior 3/5 is hair-like and corresponds to the lash while the posterior 
2/5.is thick and fleshy like the stock of a whip. ‘The males and females 
are nearly the same size, 140 to 150 mn. in length, but souetimnes the 
males are slishtly smaller. The anterior portion of the woras is nothing 
but a Capiliary tube which it buries beneath the mucosa parallel to the 
long axis of the host's gut. The vosterior free part of the worm contains 
the digestive and generative organs, the amas opens at tne ceudel extremity 
while tie vulve ovens at the junction of the bulbous and thresd~like a 
portion of the body. The caudal tip of the male is curved ventrad and ~ : 
ends in a copulatory svicule with a retractile thickly soined sheath. 
The eggs are brown in color, berrel or lemon-shaped with mucous plugs in 
either end. They measure 50 x 25 M, and contain an unsegniented ovum 
when passed in the feces. 


~The fertile unsegzuented egzs are passed in the feces and re rot 
infective until the enbryo has developed. A period of incv ation °arying 
from 12 to 60 days depending woon the temmerature, oxygen suyply cnd- 
humidity is usually reouired. The eges are extremely resistant to drying 
and low temperature changes. They are said to retain their vitality for 
5 years in contaminated soil. 


Man is infected by ingesting food or weter contamine ted with the 
eges containing mature develoned larvae. The larvoe are liberated from 
the shells by action of the digestive juices and alter a short period of 
development in the small intestine migrate to the caecum and attach the..- a 
selves to the mucosa, developing into adults within 6 to ¥ weeks. 


Laboratory Diagnosis. 


The finding of characteristic egzs in the feces. : 


Strongyloides stercoralis (Bavay, 1876) Stiles and Hassall, 1902. 


The geographical distribution of this worm is cosmopolitan, being i 
most Soramands found infesting man in moist warm climates. Strongy- | 
loides infestations of animals are not identicai in specie with that of 
man. Dogs may be experimentally infested with men's parasite but the 
infestation does not last. Man is probably the only host reservoir for 
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Re Sremeavale) It is not an uncommon Wwdetation te the ‘United States i! 
and its possessions. It is unusual in that a free living generation may 
form part of the life cycle and that only parthenogenctic females and 
rhabditiform larvae are found in the small intestines of man or Goes) 21s 
the infestation is heavy and frequent reinfestation taking place, 3, 
persistent bloody diarrhea with urticarial skin reactions. will fr quently 
be present, but in light infestations vague intestinal discomfiture is 
the only thing complained about. 


Morphology. 


The parthenogenic females measure about 2.2 mm. in length and about . 
50 M. in transverse diameter. They are so small that they can only be 
discerned by the use of low power magnification. They live attached to 
or in the mucosa of the jejunum and upper pe rt of the ileum and can only 
be demonstrated by the post-mortem scraping of the mucosa using a 
dissecting scope to separate them from the tissue. They have a cylindri- : 
cal csophagus which extends one-third of the body length and the vulva o- ' 

pens et the junction of the middle and anterior thirds of the body. In “j 
gravid worms the eggs, about 20 to 30 in number and resembling those of j 
hockworm, can be seen lined-up in a single row in the uterus extending : 
from near the snus to the vulva. When the eggs are liberated from the : 
vulva they contein a rhabditiform larvae which almost immediately hatches 
and passes into the feces. 


The rhabditiform larvae as found in freshly passed feces are actively 
motile and about 225 M. in length by 16. M. in breadth. They have a 
shallow buccal vestibule as compared with hookworm larvae and are less 
attenuated postcriorly. The esophagus is typically rhobditiform in type 
with a short club-shaped anterior portion and a globular bulbous dilita- 
tion posteriorly. The esophageal bulb is larger than thet found in the 
rheoditiform larva of hookworm. The free living adult resemble the 
rhabditiform larva in type, the male measuring 0.7 mm. in length by 
45M. in width. The femalel mm. by 50 M. The coudal extremity of the 
male is curved ventrally and bears two minute brown curved copulatsory 
spicules about 4OM. in length, The position of th: uterus, vulva and 
eges in the free living female is similar to that of the parthenogenic 
female. The filariform larvae are about 500 M. in length and differ from 
the filariform larvae of hookworn in that the esophagus extends to about 
one-half the body length and the tip of the tail is slightly notched, 


Life Cycle. 


The parthnogenic female liberates her embryonated eggs on the m- 
cosa of the small intestine. They almost imaediately hatch, liberating 
the rhabditiform larvae which are actively motile and are passed in the 
feces. (1) If the conditions are favorable in the area where the feces 
are deposited the larvae develop into free living males and females. If 
feces containing the rhabditiform larvae is. allowed to stand for as long 
as 30 hours free living adult forms may be present. The females after 
reaching maturity and being fretilized by the male's oviposit abcut 50 to 
(5 embryonated eggs which hatch in a very shor t time liberating 
rhabditiform larvae. The larvae then undergo a period of development 
and after moulting isaens filarifcrm in type. (2) If conditions are 
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with the skin of man or dog. they will penetrate it and gein entrance to 


are infective and if they come in Aontaet 


the blesd or lymph strean. They are carried by the blood tc thé lungs. 
and after a perisd cf development’ “break inte the areolac, migrate vO yt 
the brenchi, ‘trachea, epiglottis, ‘esophagus, and stomech to the Je yuna 


ay they develop ints parthenogenic females. 


: Bb wab cee Diagnosis. 


For practical purposes the finding. of rhabditiform nematode lervae 
in the freshly passed feces cf man is diagnostic. 


Ancylosto.ia duodenale (Dubin, 1843) Greplin 1845, 


This is the "old world hookworm'', It is tropical and subtropical in 
its distribution and at times may be found in colder climates under 
special ccnditions, such as fecal contaminated mines, where moisture and 
temperature are favorable. The adults live in the jejunuia and du -denum 
of man, Occasionally in the pig and rarely in certain carnivorous 7nimals, 
They are larger than the adults of N. Americana and have « less u.-rked 
dorsal flexion of the head. This paresite is “is relatively uncouwncen in the 
United States and is only found in areas where imaigrents from southern 
Kurepe live and take inadequate precautions in the disposal .f human 
excrenent. 


Morphology. 


The mature adults are small, pluap, rigid round worms, yellowish 
white in color and the anterior extrompty is slightly flexed dorsally. The 
buccal capsule or mouth is large, gaping and arned with six ventrally 
placed pointed dog-like teeth, The middle pair are deer and difficult 
to demonstrate while the remaining four teeth are large, close together 
and conspicuous. The sub-ventral surface of the mouth cavity has two 


_teeth-like lancets with rounded tips. The escphagus is club-sh ites and 


measures about one-sixth of bea leng sth of the We: Ti. ay hehe ih 


to the rectum. A muscular liv is present at tho has bbe iataet inet 
junction. A single, minute cervical papilla is present on each lateral 
margin of the cuticle, oppcsite the middle of the esophagus, The female 
worm measures 1.2 cm. in length and 600 M. in its greatest transverse 
diameter. The vulva is at the juncticn cf the middle and posterior thirds 
of the body. The rectum is near the caudal tip. The generative organs 
ecnsist of a pair of long curved tubes, one situated for the most part 
postericr to, and the other mostly anterior to the vulva, The ovary is 
the distal portion of each tube, the oviduct the middle portion and the 
proximal or terminal portion is the uterus. The utcri unite to form a 
common vagina which in turn opens intc the vulva. 


The male worm measures about 9 mm. in length and is about 50. M. in 
its greatest transverse diameter. The male senital organs consist cf a 
very long coiled tubular testis which occupies the middle third cf the 
body, a vas deferens, a spindle~shaped seminal vesicle, and a long 
ejaculatcry duct opens into the rectum which is continucus with the clcaca 
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end’ i syenaig narees ‘Two protrasiis: ‘long erties Tie copulatory spicules — 
are situated in a sac-like structure on the terminal portion of the 
intestine. These copulatory spicules can be protruded into the copulatory 
bursa and are guided by a chitinous-like thickening called the gubernacu- “) 
lum. The copulatory spicules are not fused in A. duodenale, while in 
‘N. americana they fuse and the terminal portion of the fused spicule is 
armed with a fishhook-like barb. The copulatory bursa is made up of two 
wing-like projections at the caudal extremity of the worm and is-supported 
by thick fleshy rays. The dorsal rays are tripartite and the clefts 
Shallow, that of Necator americambipartite and the clefts deep. 


The eggs are oval in shape and have a colorless transparent shell. 
They measure about 60 by 35 M. and when observed in freshly passed feces 
contain a four to cight celled embryo. A clear space is present between 
the embryo and the shell. The eggs of A. duodenale, N. americana and 
A. braziliense are for diate oti purposes indistinguishab G. 


Life History. 


The eggs as passed in the foces when deposited under favorable condi- 
tions on the ground develop into rhabditiform larvae, 250 M. in length 
Within 12 to 24 hours. The larvae are actively motile and feed on organic 
matter at the edge of the fecal mass. At the end of 72 hours they become . 
Sluggish, the skin or cuticle is moulted and the larvae are 500 M. in 
elngth. Growth continues and the esophagus becomes filariform in shape | 
by the end of 4 to 7 days. The larvae then moults again but does not : 
cast its skin. The larvae enclosed in its old skin does not feed, is ! 
actively motile and may migrate as much as 4. inches of its own volition. 
The larvae are bluntly rounded anteriorly and their tails taper rapidly to 
@ Single point. Filariform larvae of S. stercoralis have a tail witha 
bifid tip. The larvae developed to this stage are infective and live a 
month if temperature and humidity conditions are favorable. In putrify- 
ing fecal matter in which conditions of anaerobiasis exist they quickly 
die. If the filariform larvae come in contact with the skin of man they 
penetrate it moulting the third time in the process, and gain access to 
the circulation, Where they are carried to the lungs. They then break 
through into the alveolae and migrate via the bronchi, trachea, epiglottis, 
esophagus and stomach to the intestines where they moult the third time : 
and develop a small buccal raphe armed with 4 teeth. They attach them- 
selves to the gut wall, grow to 4 mm. in length, moult the fourth time 
end then continue growing without further moults to the adult sexually 
mature worm. Fifteen to twenty days ere required for the developmext time 
in the gut and five weeks from the time the filariform larvae enter the 
skin the adults are mature in the gut end passing eggs in the feces. 
A.duodenale females lay about 2 to oe times as many eggs per day as 
N. americana. It has been estimated that 28,000 eges per day is the 
average cutput of one female. 


Laboratory Diagnosis. 


1. The finding of typical eggs in the freshly passed feces, followed 
by the recoveryof typical adults in the feces after treatment. 
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y imported to the Americas, by ‘slaves from erica eins ena 1zé- 
on period. It is the most common helminth infestaticn in the Uritod 
States where it is practically all limited to the area comprising tne 
Southern States. Various surveys of this area have shown that 20 to © 
_ 4o% of the rural population are infested by this parasite. It is freque 
ly found in trcpical and subtropical regions in cther parts of the world, 


Morphology. | ee 


All hookworas are much Like: . ee ducdenale. N. anerigana 
only differs from it in the following on agli honed 


Ly tha. averaze adults are tthe smaller. 


___._bength Breadth + es 
Males females Males Females 
A. ducdenale ~ Om, enum. SOOM. 7 O00 
N. americana Die 1) 300 " - 450 " 


2. The head is ae slightly Avent as floxed in A. ducdenale aa is 
markedly sc in N, americana. ; 


pe, 3, A. duodenale has two cervical papillac present on the cube! 
‘the level of the middle of the esophazus, They are absent in N. americs 


fe. 4, The buccal capsule is conspicuously laree in A. Auvdonede and is” 
armed with 6 teeth and 2 subventral lancets. The bucca al capsule: sf. 
needle-like subventral end two subdorsal lancets. 


‘a 5, The vulva in the female, A. ducdenale, is located at the juncture a 
of the posterior and niddle thirds. Tt is near the middle of the Ledy In. 
_  N. americana. Se : 


| 6. The dcrsel rays of the male copulatory bursa are tri ipartite with 
_ shallow clefts in A. ducdenale and bipartite with Jeep clefts inNe 
- americana. rote a 


7. The male ccopuletcry spicules are fused in their terminel portion. 
and end with a fishhook-like barb in N. americana, They are unfused in — 
A. ducdenale and no. barbs are present. eae 


| 86 The eazs of N. americana are larger anc narrower than A, duade gnele 
but for practical purposes are indistineuishsble, 


Life Cycle. | 


The same as for A. ducdenale, 
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Laboratory i le Oa ca 
1. Demonstration of typical eges in the feces and sitet of adults 
in feces after treatment. 


2. All cases of hookworm disease in the U. S. should be considered 
due to N. americana until proven otherwise. 


Ancylostoma braziliense. Gomez de Faria, 1910. 


This is the common tropical hookworm of dos and cats. It is tropical 
and subtropical in its distribution. It is quite frequently fcrund 
infesting these animals in the southern United States, but is a rare 
intestinal infestation in man. If the filariform larvee come in contact 
with humen skin they will penetrate it and give rise to a local dermatitis 
known as creeping eruption. This skin condition is due to the migration 
cf the larvae in the deeper layers of the skin, and the seccndary bacte- 
rial infection that accompanies it. ‘The larvae do not gain access to the 
circulation and probably never reach the intestines. 


er 


This is the most common hookworm of dozs and cats, It is cosmop2l-— 
itan in its distribution and gives rise to a conditicn in dogs know as 
kennel anemia. The larvae may give rise to mild forms of creeping 
eruption in the skin of man but prcbably never infest his intestinel 
tract. 


Wachereria bancrofti (Cobbold, 1877) 


This is the parasite responsible for most cases of elephantiasis and 
other types cf localized parasitic lymph blockage. (However, only a 
small percentave cf individuals infested with this varasite develop 
clinical clephentiasis,) W. bancrofti is tropical sr subtropical in its 
distributicn being particularly prevalent in certain sections cf Africa 
and some cf the Islands of the Pacific. It is found in Porto Rico, 
Panama, Philippines, Guam and in a limited area around Charleston, South 
Carolina and the coastal regicn between that city and Savannah, Georgia, 
The adult worms lie cciled in the lymph vessels just distal to lymph 
glends. When once Ceveloped they seem tc be unable to pass or circumvent 
the lymph gland proper. Their mass and shape acts as an effectual plug 
in blocking the lymph vessels leading into the glands. This blockase is 
responsible for the lymph stasis and most of the patholvgical findings 
in this disease. The blockage may be acute with rapic swelling followed 
by sud@en recession of the swelling due to movements of the worm opening 
the lymph channels. Ultimately the accompanying chronic inflammatory. 
reacticn with scar tissue formation leads to chronic lymph blockage. 


Morphology. 


The adults are creamy white filarifcra worms with smooth cuticle, 
cylindrical shape and gradually tapering ends. The head end is knob~-like 


i 


“The: eid are eskfana ly “difficult to ‘yecover. from 


ste tissue. - ‘Attempts at: extraction usually cause ‘them to break into . ea 
two or more pieces, They are best studied by using histological stained Nae 
sections of tissue containing the parasites. . a 

“Life Cycles’ ‘ 
The females liberate the sheathed embryos into the lymph vessels. Lae 


(The sheath of the embryo is not a retained moult but the stretched shell 
from the ova.) All females present, probably mature, and liberate their 
larvae sinultanecusly. The larvae measure 130 to 320 M. in length by ; 
7.5 to 10 M. in diameter, The column of nuclei representing the primitive 
gut does not extend to the tip of the tail. The internal structures © ‘ 
are undifferentiated. The larvae are motile and gain access to the peri- — 
pheral circulation with a nizhtly periodicity starting at about 4 p.m. ay 
and increasing in numbers in the peripheral circulation until about 2 a.m. 
When periodicity is present few if any can be found during the day, In oe 
certain areas there is no periodicity or if present corresponds to the 
biting habits of the insect intermediate host. Nocturnal can be changed 
to diurnal periodicity by chanzine the sleening habits from night to day 
time for two or three wecks. es 


ro oe 


If the larvae in the peripheral blood are ingested by suitable species 
of mosquito (Culex faticans. Aedes variegatus, ani Anovheles costalis | 
incriminated to to date) the Larvae moult, migrate through the intestinal 
wall of the mosquito end eventually lodge in the thoracic muscles where 
they become quiescent, thick and short. After a pericd cof a few days 
they develop their intestinal tract and generative organs. Growth 
continues, the cuticle is moulted and the larvae now about 1 ma, in Be: 
length by 20 M. in breadth migrates from the thoracic muscles to tic a 
labium in which it lies. One ts three weeks time are required for the” ¢ 
mosquito cycle. When the mosquito again feeds the larva is dropped on ae 
the skin, and after penetrating it, migrates to the lymphatics an¢. de- ees 
velops into an adult. a 
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Laboratory Dieenosis. 


1. The finding of sheathed nematode larvae with the column of © 
nuclei not extending to the tip of the tail, in the blood, urine or a 
chylous fluids of man. he , . | aaa 


2. Biopsy of ouaie tissue with demc nstration by histological 
means of the adults | and larvae. 


, 
/ 


Dipetalonema perstans (Manson, 1891) . . 


This is the filarial parasite the. larvae of qoteh ‘have no periodicity — 
in their appearance in the peripheral blood. It is found principally in ° 
the tropical sections of Africa a and.Soyth America. The adults are found 
mainly in the retroperitoneal’ comiective tissue and lymph channels. aah 


ene e 


- Morphology | > 
The adult females measure 7 cm. in length by 130 M. in breadth. The 

cuticle of both sexes is smooth when viewed microscopically. The heads 

of these species is crowned by two epalet-like appendages on the cuticle, 


The larvae as seen in the peripheral blood are unsheatned and the 
column of nuclei extend to the tip of the tail. 


Life Cycle. 


The life cycle is the samc as for W. bancrofti except that certain 
midges, Culecoides austeni and C. grahami are tne insect intermediate 
hosts and vectors. by ; 


Laboratory Diagnosis. 


The finding of unsheathed nematode larvae in the peripheral blood 
with a column of nuclei extending to the tip of the tail. 


Filaria Ozzardi (Manson, 1297) 


This filarial parasite is found in the West Indices and parts of 
South America. The life history and pathogenicity are unknown. The 
adults live in the retro-peritoneal tissue, abdominal wall and lymphatics. 
The whole adult male specimen’ has never beenstudied. The females are 
about 7 cm. long by 230 M. in breadth. The tail is terminated by a pair 
of large papillae. Unsheather larvae 200 x 5 M. without a column of 
nuclei extending to tip of tail are found in the biood stream. There 
is no periodicity in their occurrences. 


Onchocerca volvulus (Leuckart, 1893) 


This is the filarial parasite which is responsible for the develop- 
ment of nodular indurated swellings (calabar swellines) on the exposed 
surfaces of the body. These localized areas of swelling are most 
frequently found about the scalp and arms. They are due to the adult 
filaria nesting in the area and discharging their larva into the -cuta- 
neous lymphatics. The larvae are found in the cutaneous nodules bit 
seldom if ever in the blood stream. This infestation is found 
principally in West Africa, South America and Central America. It is 
quite prevalent in the highland coffee plantation area of Guatemala and 
is a frequent cause of disfiguring face lesions and blindness, This is 
-a chronic disease slow in progress but of long duration, 


Morphology. 


The females measure up to 34 om. in length by 400 M. in, breadth. 
The males 3 cm. in length by 150 M. in breadth. The cuticle of both , 
sexcs is raiséd in minute annular and oblique thickenings with serrated .. 
edges, which are more vrominent towards the tail. The larvae are 
unsheathed, 350 t: 10M. in size and do not have a column of nuclei to 
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"The « dult Sonmltes Paenke ae ales ee the “ye doadee of ae ie 
the subcutaneous nodules. These nodules tend to ulcerate and area’ Fe 
, favorite place for flies to alight and fecd. The simulium flies are’ 
the intermediate hosts cf this parasite. §&. damnosum in Africa and 5S. 

_ mooseri and others in Central and South America. These flies do not” 
feed on blood but bite and chew the superficial tissue ingesting the — 
Bay tissue, lymph, blood and serum exudate. In feeding on a nodule due to 
0. volvulus they also ingest the larvae. After a period of development 
in the simulium flie's gut and thoracic muscles the larvae migrate to the — 
a labium and are then infective if deposited on the skin by saab yi kee 

feedings of the fly. 2 ae 


° Laboratory Diagnosis. dan if 


bs 1. Smears from aspirated contents of skin nodules or skin scrapings xt 
ce of ulcers showing unsheathed nemuitode lervae 350 x 10 M..nuclei of tail 
not extending to tip. | ae 


2. Biopsy of nodules showing typical parasites. 


Loa. loa (Guigot, 1778) a 


This is the diurnal filaria parasite of West Africa and is rarely 
found in other ccuntries except in people who have resided in West Africa 
and later migrated. The adults are peculiar in that they wander about on 
the body and may be found in various tissues. They are most often seen 
_ making progressive motion under the conjunctival tissue cf the eye. : 
ie They are capable of moving in tissue at the rate cof 1/2 inch a minute. © 
The cuticle in beth sexes is covered with small wart-like projections. © 
e The larvee are sheathed 200 x 10 M. in size and the nuclei of the tail 
' extend into the tin, i 


The life cycle is the same as that described for W. bancrofti except 
that the chrysops flies are the intermediate hosts and “insect vectors. = 


a 
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Dracunculus medinensis (Linnaeus, 1758) 


This is the guinea worm and is found in the tropical and subtropical 
regions of India, Africa and South America. It is principally found in a 
carnivorous animals in South America and to a lesser extent in man. The 
adults live in the subcutaneous connective tissue and fascial planes: ‘GE sre 
muscle, chiefly of the arms, legs, ankle and foct. 


‘a - Morohology. ae : oe 


x . The adult males are about 2 om. in length but have only been found is 
on two cccasions. The adult females measure about 1leQ cm. long by 1,5 mi. Ue 
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-in breadth. The head has a chitinous shield and the vulva is situated 
very close to it. The tail is sharply bent into a hook shane. 


The larvae are unsheathed, 700 x 25 M. and have a long tapering tail 
Life History. Ce ar one | 


When the female is gravid and the larvae are ready to be liberuted 
she approaches the skin surface on an extremity and ceuses an ulcer to 
form. Whon the ulcer is open and brought in contact with water the female 
protrudes her head and cischarges a milky fluid containing myriads of 
embryos into the water. The embryos seek out the crustacean cyclops and 

‘develop in its body cavity to the infective stage. If the infected 
cyclops is ingested in drinking water the larvae escave in the intestines, 
invade the tissue and develop into adults. After fer&ilizing the female 
the male dies. The female then wanders in the tissue to one of the 
extremities where she comes to the surface and causes a surface skin ulcer. 
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Class Trematoda, Rudolphi, 1808. 


The trematodes cr flukes (except schistosomes in which the sexes are 
separate) are mostly perasitic hermanhroditic unsegmented, flet worms 
varying from 1 mm. in length to several centimeters. Two ventral 
prominent suckers are present near the head cf all species anid in the 
genus Heterophyes a third sucker is present around the genital pore. The 
digestive system consists of a mouth, esophagus and a bifurcated 
intestine which ends blindly. Anal ovenings are not present, The 
excretory system consists of flame cells, ccllecting tubules and excretory 
bledder. The male reproductive system consists of usually two various 
shaped testes (Genus Schistosoma LL to ae pair of vas &fferens and a 
vas defferens ending in a cirrus. The female genital organs consist of 
an ovary (usually fan shaped) a branched tubular oviduct, one branch of 
which ends blindly, the cther in its subterminal portion is designated 
as the uterus and the terminal portion the vagina. The genital nores 
are inconspicuous and Jocated just in front of or just behind the ventral 
sucker. The life cycle of these parasites involves two or more ho +s 
with a definite pericd of development in each. Yor the trematodes of 
medical importance man is the definitive hsst while certain molluscs 
and sometimes crustaceans and fish act as intermediate hosts. There is 
always a pericd of »arthenogenic multiplication in the mullusc while 
crustaceans or fish act only as carriers for encysted forms infective 
for man. 


With the excention of Schistosoma jasonicum in the Philippines and 
Schistosoma mansoni in Porto Rico and rarely Fesciola hepatica, the 
trematodes infections of man are not contracted and are seldom encountered 
in the U. S. or possessions. They will only be briefly discussed and 
demonstrated. 

Definition of Terms 


Cirrus - the male copulatory organ or penis. 


“GQ - 
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Redia - this is the third larval stage and occurs cnly in mclluscs. A 


Cercaria - The final Staze of larval development. It alone is infective ae 


ee cepa - The channel, ‘formed by infolding of the Lateral 5 aa 


margins of the: body in male schistosomes, in which the female lies. 


Miracidium - The ciliated larva which develops in all trenatode CLS ‘end 
which ‘is infective to mullusces only. This. is the first larval ee 


Sporocyst - The second larval stage occurring in malluscs. It is sac or 
ribbon-like in shape and contains musses of germ cells. In schistuscues 
‘ only, a sexual multiplication occurs in this stare. ae 


sexual multiplication occurs in this larval staze of all species except 
schistosomes. nie 


for the definitive host (man, dog, cat, sheen, hogs, etc.). 


Schistosoma manscni, Sambon, 1907, 


This is the bloud fluke of Africa, the West Indies and South acre i 
Porto Rico is the asic United States territory in which it is found asa 
local parasite. The adults inhabit the hemorrhoidal olexus and the portal - 
circulation of inn. They are seldom found in other venous areas. They 
deposit their ova in the small venules of the rectum and rarely those of 

the bladder. The majority of »vathological lesions due to this parasite we 
are in the rectum or liver. These lesions are tynified by chronic ey 
inflammation, granulation, fibrosis, ulceration and scar tissue ccntrac- 


tions. Numerous large spindle shaned eg:s with lateral spines ere found 


in or on the inflammatcry tissue, some are liberated into the rectum, Sa 
rarely into the od oars and others undero degeneration. and: calcification Be 
in the tissue. iarrhea, ulcerative proctitis and hepatitis with ultinate i 
cirrhosis are ats complications of this disease. . 


Ebe 


Schistosoma haematobium (Bilharz, 1852) Weinland, 1858 ; 


This is the blood fluke causing Bilharz disease, which is character-. 


ized by haemature, cystitis, urethritis and hepatitis with cirrhosis. It” 


is found in parts of Africa, Arabia, Palestine, and Mesovotania, The hee 
adults inhabit the portal vein and its radicie and especially the We 
vesical plexuses of man, The large broadly spindle shaped eges with | 
posterior terminal spine are found usually in the urine, rarely in the 
feces. This disease has never been known to have been contracted in the 


United States or its possessicns. e 
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Schistosoma japonicum | Kateurada, “190 


This is the blood fluke enusing schiabosontakes in pe China 
and certain areas in the Philippine Islands. The adult worms are found 
in the small veins of the large intestine particularly in the hemorrhoid- 
al plexuses, but may occur in the gastric, mesenteric and other veins. 
Man, horses, cattle, pigs, dogs, cats, and experimentally mice may be 
infested by this parasite. The eggs are large, oval to spherical in 
shape with a small know-like projection on one side which is sometimes _ 
hard to demonstrate. The eggs are found in the feces, ulcerative lesions 
of the colon and rectum and in the liver. The disease resulting from 
infestation with this parastie is characterized by diarrhea, colitis, 
‘and practitis followed by cirrhosis of the liver, ascites and edem. 


A detailed description of the morphology and life cycles of the 
schistosomes will not be given but will be summarized in the following 
table: 


Males 
ae Length Breadth Type of cuticle Number of testes 
S. haematobium ee 1 ma. Fine tuberculated in 
S. mansoni 1 cm. 1.3 mm. Coarse tuberculated gS 
S$. jaodonicum 1 cm. 500 M. Smooth 8 
— Se 
Females 


Position of No. of ova Ove depos- 
i | Length Breadth ovary in body in uterus ited in 


S. Hacematobium 2cmn. 250M. Posterior $ 20:30 Singly 
S. Mansoni 12:16 m. 170 M. Anterior i35 Singly 
S. Japonicun 2 cm. LOO M. Middle | ~ 30350 In masses 
hie ie (10:30) 
Ova ; 
Shape Where found Leneth Breadth 
8. hacmatobiua Spindle shaped Urine 120:160 M. 40:60 M. 
Terminal spine Rarely feces 
S. mansoni Spindle shaped Feces 140:165 M. 60370 M. 
RKC Lateral spine 
S. japonicun Broadly oval Feces 3 SFO E200 hy 50:65 M. 


with small sub- - , 
terminal knob i 
on surface 
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8, heematobiu - a ak iraie Canon tue) Pp sopate africana, P, elobosa aaa” 
aaa © Flanorbig Gf, a ase 


S. mansoni -~ Planorbis bvoissyi,. P, plelffori, P, olivaceus, P. guadaloupen- a 


S. japonicum - Qnecitelania noxophora, 0. formosana, O. hupensis. - 
ee me 

A representative Life cycle for’ the’ schistosoties may be suimarized a 

as follows; ie 


+; 


Pom 
maha 
li 


The eggs as passed in the urine or feces contain a ciliated larvae 


Me 
called 4 miracidium. When the eggs come in contact with water they hatch pis 
liberating the ciliated miracidium which swims rapidly about searching a 
a suitable molluse hcst. If it does not find one within a few hours it BS 
dies. When the miracidium finds its mollusc host it penetrates the - 


e 


tentacles and losing its cilia, and other special organs for which it has 
no further use, it migrates to the visceral mass and becomes a sporocyst. 


tS eee 


ea 
The sporccyst multiplies by formation of deughter sporocysts until by the i 
end of a few weeks the visceral mass of the snail is permeated with these Be 


a, 
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minute, elongated, delicate, tube-like larvae. Five to seven weeks after 
infesting the snail the sporocysts stop producing further progeny and 

develop into the final larval form, the cercaria, which are infective to 
man. The cercaria are forked tailed, glider-like larvae and are c: yable 
of swimming rapidly. They will swim toward anything agitating the water 


$ “eed 
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ie 
such as a man wading or swimning, Upon gaining contact with the skin of a 
man they penetrate it, shed their tails, gain access to the circulation - ee 
and are carried to portal circulation by the blood stream where they a 
develop into adults within a period of threes weeks. When mature the ee 


females enter the male gynaecophoric canal and remain there in ccoulation 
until ready tc oviposit. When this time arrive the females leave the 
males and work their way against the blocd currents until they reach a 
small. venule in the henorrhoidal or vesicle plexus. They force their 
way into a vessel that is slightly smaller than their transverse diameter 
by stretching it, deposit their egzs and withdraw. The eggs with spines 
are deposited so that the spines face the direction of the blood flow. 
The blood pushing against them force the spine into the vessel wall 
which soon causes a pressure necrosis and rupture into the feces or 
urine. S. japonicum egss are deposited in.a mass blocking the venule» 
this leads to thrombosis, necrosis and ulceration with discharge of. the | 
ova into the feces. i: 


A summary of the life history of other flukes that may be encountered 
in man in the United States or its possessions is given below: eS 


- 9 .- | [: 


Egg contains miraci- 
dium when passed in:- 


igg reaches fresh 
“water. and the miraci- 
dium escapes, swims 
about and invades a 
mollusc; — 

“Miracidium loses its 
cilia and special, or- 
gans & becomes sporo- 
cyst.Migrates to vis- 
ceral mass of mollusc 


enna: nae nen 


Sperm cells “develop 
within the sporocyst 
& produce rediaec:- 


Rediae product daugh- 


ter redise inside them 


selves; these escape 
via birthpore & per- 
meate visceral mass 

of the moilusc;- 


Mature rediae develop 


within themselves cer- 


cariae, 
escape via birthpore 
to visceral mass of 
mollusc: - 


Cercariae leave snail 
& swim about, in water, 
enter second host of 
larva which is;- 


Definitive host:- 


ee ee 


Definitive hosts 
eats and chews;- 


The live cercariae 
thus swallowed, each 
become adults in the: 


these likewise 


Sputum 
nai Mel— 
(Planorbis ania liber- 
schmackeri, tina). 
Segmentina 
Nitidelius) 
Yes 
i 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes Ya Yes 


Yes 


No second No second Fresh | Fresh woter 


larval host | larval host | Water crabs and 
cercariae cercariae fish, crayfish. 
encyst on encyst on various 
grass, water plants; species. 
Man and Man, Man, dog, ! 
pig. l cats & cat, tiger 
dogs. wolf. pig. 
Grass con- | Water | Raw fish Raw cabs q 
taining plants or crayfish. 
encysted contain- 
larva. ing en- 
cysted 
larva. 
Bile ducts | Small in- |! Bile Lungs 
testine. ducts 
H 
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1. Examination for adult helminths: 


A careful inspection of the fecal specimen will disclose any 
large helminth present as Ascaris lumbricoides or the large tapeworms, 


It will be difficult, unless great numbers are present, to demonstrte by 


such a procedure, eel helminths, such as hookworms, pinworms, or the 
dwarf tapeworm. For this type of worm a method of concentration should 
be used. The procedure is as follows; secure a large sveciuen of feces 
and dilute it with tap water until a thin solution is obtained. The 
fecal solution should then be strained through wire screen or gauze to 
get rid of the fecal matter, eny small helminth present will be retained 
on the strainer. Wash the material retained on the strainer with 
additional amounts of tap water and transfer it to a shallow flat 
bottomed white enameled pan. The transfer is best done by inverting the 
strainer over the pan and then washing the material into the pan with 
about 100 cc. of tap water. A cotton applicator or long handled c .iel's 
hair brush is then used to go over une material bit by bit to detect any 
helminth present. : 


e. Examination for larvae: 


A small bit of feces is selected and emulsified in a drop of 
water upon a glass slide. A cover slip is applied to the emulsion and 
the preperation examined under low power magnification. The amount of 
feces used in making the preparation should be such that when the cover 
Slip is applied ordinary news print can still be vusualized through it. 
Examine the specimen carefully, if Strongyloides larvae are present they 
can be easily found due to their active movement and the commotion 
created by them, 


3. HExanination for eggs: 
a. Non-operculated eggs. 
(1) Direct smear method. Examine by the fresh wet pre- 
paration the sae as for larvae. If Schistosome eggs are suspected 


select a bit of bloody macus if present. 


(2) Concentration method. (Should be routine om all 
specimens) 


(2) Reagent. 
25 per cent sucrose (canoe sugar) solution in 


tap water, to which is added 0.5% phenol as a preservative. Make => 
1000 cc. at a time and keep on hand for routine use. 
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3 Saal 


hae (1) Test tubes 16x 150 mm. (standard: 
bactcriological culture tubes). a r 
(2) Applicator sticks. 

(3) Steel wool. 


(4) Wire loop, loop to be 1/4 inch in dia- 


“Mater and bent at right angles to the shaft cf the wire. - | 


‘ : (5) Glass slides and coverslips. 
(¢) Procedure. 


. Select a piece of feces the size of a hazel 


nut and place it in the bottom of atest tube. Add 2 cc. of the sugar 
- solution and thoroughly emulsify the feces by means of an applicator 


stick. When the feces is liquid in ccnsistency, fill the tube to within 
one-eighth inch of the top with additional sugar solution. If thero is 
much floating debris drop a-small piece steel wool into the tube t: sink 
it. Let the specimen stand in a vertical position for 30 minutes. Using 
the wire loop remove the upperiaost layer of the solution and place it on 
a glass slide, coverslip it and examine. 


b. Operculated eggs. 


Use the fresh wet preparation method and the ccncentration 


method given for Protozoan cysts. 


c. The Stoll ege counting method. (Used in estimating the 
manber of helminths present by the ese count of the feces). 


(1) Method. 


Weigh 5 grams of feces into a large test tube 


graduated at 75 cc. Fill the test tube to the 75 cc. mark with N/10 NaOH 


4 erans of NaOH to 1000 cc. of water is sufficiontly accurate). Add 


several glass beads, close the tube with a rubber stopper and shake until 
a homogeneous solution is obtained. Transfer 0.15 cc. of the suspension 


to ae x 3 inch glass slide and coverslip it with a nuaber 2, coverslip 
(22 x 4O mn.). Count the number of eggs present, the averave of two such 
counts should be the count selected. : 


(2) Interpretation, 


(a) Counts on liquid and mushy stcols must be 
converted to correspond to formed stool amounts. 


(1) To convert mushy stool counts to for ed 
stool averages multiply by twe. 


a. 


ee ee wks Wen fsa Fated are Gee ‘an apie ne | up ee 
uebenston the count of a 0.15 cc. sample of the mixture’ ik Seis by | 
100 gives the number of eges per gram of FOCeBs: . 


(c) 44 eges per gram of feces indicates one foaled 


Necator americana present. 


oemnennenentil 


Blood. 


Ova are not found in the blood. Larvae present are best demcenstrated 
by (1) thick blood films made at the optimum time, stained with Giemsa 
stain; (2) Drawing of 10 or more cc. of blocd at the optimum time, leking 
it with distilled water, centrifuging the laked blood and examination of 
the sedimented residue; (3) if great numbers of the larvae are present — 
they may be demonstrated by making wet incunts cf the blood and examining 
the preparation direct without staining it. Most larvae are actively 
motile and can be easily seen under low power magnification. 


Urine. 

Filaria larvae or Shistosome ova are the only helninth material 
likely to be encountered, Thoy are best demonstrated by examining the 
centrifuged sediicat of a specimen of urine. 
Chylous fluid. 


Fileria larvae may be present and are best demonstrated by examining 
the sediment of a centrifuged specimen. . 


Sputum. 
4 Examine by: (4) The wet mount method selecting a blowd tinged 
portion if available. (2) Add four volumes of N/10 sodium hydroxic , 


thoroushly mix and allow to:digest fcr e to 4 hours, centrifuge anc. 
exaliin the sediaented residue. 


1. Examination for eggs. 
The only eges likely to be found are thuse of pinworm, They 


are most likely to be detected in swabbings from the perianal region. 
Hall's method is the best available and is as follows: 


“99> 


3 . (1) Light aloes cellophane Calhilee ic that used. cn 
. cigarette sheen) cut into ene inch squares. 


(2) One-eighth inch glass rod cut in 4 inch lengths and 
fire polished on each end. 


} (3) Glass vials 10 x 60 mm. with a one hole rubber stopper 
tc fit. 
(4) Rubber bands made by cutting 1/8 inch pieces from es, 

1/8 inch rubber tubing. 


b, Assembly. 


Insert a glass rod through the rubber stopper of a vial 
‘so that it comes to within 1/4 inch of the bottom. Remove the ‘stopper 
containing the glass rod from the vial and feld a square of cellophane 
over the end which gces in the vial. Secure the cellophane in place with 
one of the small rubber bends. Replace the prepared swab into the vial 
and it is ready for use. 


c. Securing the specimen. 


The specimen shculd be secured from the patient the first 
thing in the morning before he has had the opportunity tc take a bath o 
defecate. To secure the specimen remove the swab from the vial and swab 
the perianal region with the cellophane end. Replace the swab back in 
the vial, label and send to the laboratory for examination. 


dad, Examining the specimen. 


Place a drop of N/10 sodiwa hydroxide on a clean 
glass slide. Remove the swab from the vial, holding it vertical place the 
Bet Louheris end intc the drop NaOH, using a forcen slip the rubber 
band up the glass red and then straighten out the cellophane so thet it 
is like a coverslip on the drop of NaOH. Remove the rod, place an 
additional drop of NaOH on top of the cellophane and apply a coverslip. 
Examine the preparation under ‘Low power magnification. 


¢ 


2. Examination for larvae. 


Onchocerca larvae may be »resent in skin nodules and can be . 
demonstrated by studying asnxirated . lymph, tissue scrapings, tissue juice 
or by making stained histological sections. 


Other tissue. 

The demonstration of holiaith parasites in tissue is done by! ey 
histological study of biopsy material. (2) Digestion of the tissue with 
10 to 20 volumes of a solution containing 0.5% repsin and 0. 1% hydrochlcric 
acit. Followed by concentration of the larvae present by using the 
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Soil. 


1. Hees, 


Soil contaminated with helminth ezes such as Ascaris is best 
examined by the floatation concentration method given under feces, 50 to 
100 gram samples of solid should be used. , 


2. Larvae. 
The reccvery of helminth larvee from soil is best done by 


using the Baermann axtoaratus. Large samples of the soil being studied 
should be used. 


Serological Diagnosis. 


This means of diagnosing: helminth infections is as a rule wmsatis— 
factory. It should only be used when otler methods are not agplicable. 
It should only be done in larze laboratories where s»ecial precautions 
can be taken to insure satisfactory antigens and controls. 


The Baermann anvaratus, 


It consists of: (1) A glass funnel 6 to 10 inches in diameter 
fitted with a short oiece of 1/4 inch rubber tubing ani a Hoffman clamp. 
(2) A round basket 4 to & inches in diameter and 3 inches deep made of 
1mm. wire screen. (3) Cheese cloth cr gauze. 


The sample cf soil or digested tissue to be tested is placed in 
the cheese cloth lined basket and the basket suspended in the funnel. 
Water heated to 100 degrees F. is run into the funnel until its level 
just touches the bottom of the basket. The material is allowed to stand 
and efter a pericd of 1 to 4 hours, live larvae if present will be found 
in the water in the lower portion cf the funnel's stem, A piece of ice 
placed on top of the specimen will hasten the migration cf the larvae. 
The larvae are cbserved by either drawing of 2 small portion of the water 
and examining it direct under the microscone or by drawing of a 10 cc, 
sample, centrifuging it and then cxanining the sediment, 


Shinment of helminth material for diagnosis at a central laboratory. ny, 


1. Specimens of large heiminths., 


Kill and fix the specimens in hot (85) degree Centisrade) 


5 per cent formalin in tap water. Select a suitable container and ship 
the specimen in a solution of 5 per cent formalin and 2 per cent glycerin a 
tap water. aM 
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for Fides oeoperationd & smear. is ore wi th b nests: bras on ae 
é a a If the fecal material is too dry, moisten slightly with | 
If it is too ee smear a drop of egg albumen on. Se! 


SOLUTIONS 


| SCHAUDINN'S FLUID: 


ce ' $tock solution: 
Mercury bichloride, saturated solution in normal 


saline (saturation is 5.73 grams per 100 cc.) 2 parts 
_ Alcohol 95 per cent . (de pees ree 


“This solution will keep indefinitely, 


‘bd. Add 2 cc. glacial acetic acid to 4g cc. of 
; stock solution. 


“This solution is unstable and should be made up 
fresh before use and discarded immediately 
afterwards, 

- HEMATOXYLIN STAIN: 
a. Stock solution 1: 


Hematoxylin Rites 6 | a, aE oe grams 
Distilled water | ee tage 1000 c.c. 


re Place in clear glass bottle, cork and ripen in 
a light place for 1 month or longer. 


- CARBOL XYLOL: 


Xylol | 3 parts 
- Liquefied Phenol Glorieta: Bius label grade) 1 part 


Sw: 


Ferric ammonium sulfate 2 grans 
‘Distilled water 100.0 bite 


- DSCOLORIZER; 


Ferric amnonium sulfate 
Distilled water 


NOTE: 


Fix wet smears in Henelainnty fluid, “heated to 


60° C. in water bath 30 min. . 
 (Schaudinn's fluid may be used cold - 8 hours) be 
70% Alcohol tinged to wine color with iodine 5 min. . 
Ge saaied 5 min, 
Alcohol : 5 min. foe 
Wash in running tap water 2 min.(or more) — 


Mordant (2% Ferric Ammonium Sulfate, heated to 40°C.) 10 min. 


Wash in running tap water 10 min. | . a 
Hematoxylin stain, heated to 4o°.c 10 min, a 
Wash in running tap water 5 min.(or more) — . 


Decolorizer (0.5% Ferric Ammonium Sulfate) 5 min. - 
Wash in running tap water for a minimum of - 10 min. 3 ae 

Graded alcohols - 50% - 70% - 95% ; 5 min. each a 

Absolute alcohol ee ae 5 min. 

Carbol~Xylol al r 5 min. 

Xylol 5 min. 


Mount with a thin layer of balsan,’ thinned’ with 
Xylol, and cover slip. 


ever, will the slides be too light; if so, place in the 


The decolorization process is quite variable. So make 
more than 1 (one) slide and after decolorizing for 

5 minutes, take 1 of the slides and rapidly run tnrough 
the alcohols and xylene solutions leaving it in each for . 
about 10 seconds. Mount the slide with balsam and a 
coverslip and examine under the microscope. Rarely, if 


stain again and decolorize less than 5 minutes. Usually ee. 
the slides will be just right or a little dark, If too a 
dark, decolorize for another minute and test the slides 
again. 
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